Quantifying Undisturbed (Native) Lands in Eastern South Dakota: 2013 by Bauman, Pete et al.
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Quantifying Undisturbed (Native) Lands in Eastern
South Dakota: 2013 Natural Resource Management Data Sets
10-2016
Quantifying Undisturbed (Native) Lands in
Eastern South Dakota: 2013
Pete Bauman
South Dakota State University
Benjamin Carlson
South Dakota State University
Tanner Butler
South Dakota State University
Follow this and additional works at: http://openprairie.sdstate.edu/data_land-easternSD
Part of the Environmental Sciences Commons, Life Sciences Commons, and the Physical and
Environmental Geography Commons
This Book is brought to you for free and open access by the Natural Resource Management Data Sets at Open PRAIRIE: Open Public Research Access
Institutional Repository and Information Exchange. It has been accepted for inclusion in Quantifying Undisturbed (Native) Lands in Eastern South
Dakota: 2013 by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange.
For more information, please contact michael.biondo@sdstate.edu.
Recommended Citation
Bauman, Pete; Carlson, Benjamin; and Butler, Tanner, "Quantifying Undisturbed (Native) Lands in Eastern South Dakota: 2013"
(2016). Quantifying Undisturbed (Native) Lands in Eastern South Dakota: 2013. 1.
http://openprairie.sdstate.edu/data_land-easternSD/1
Quantifying Undisturbed (Native) Lands 







iGrow.org  |  A Service of SDSU Extension  |  © 2016, South Dakota Board of Regents
 | natural resources
Authors:
Pete Bauman, SDSU Extension Range Field Specialist, Watertown, SD. 
Ben Carlson, SDSU Senior Agricultural Research Technician, Watertown, SD. 
Tanner Butler, SDSU Agricultural Research Technician, Watertown, SD.
Editor:
Alexander “Sandy” Smart, Ph.D., Professor & SDSU Extension Rangeland Management Specialist and 
Sustainable Agriculture Research and Extension (SARE) Coordinator for South Dakota
Acknowledgements (includes current organization/employment status): 
Project Design and Development: Pete Bauman (SDSU Extension), Joe Blastick (The Nature Conservancy), 
Matt Morlock (Pheasants Forever), and Cody Grewing (SD Department of Game, Fish, and Parks).
Project Staff: Pete Bauman (Primary Investigator), Ben Carlson (Lead Technician), Tanner Butler (Technician), 
Cody Grewing (Technician), and Jim Madsen (private contractor).
Technical Advisors: Mike Wimberly (SDSU), Kurt Reitsma (former SDSU and Dupont/Pioneer Encirca 
Services).
Funding support provided by the following organizations: The Nature Conservancy, South Dakota 
Department of Game, Fish, and Parks, South Dakota Natural Resources Conservation Service, National Fish and 
Wildlife Foundation, and the Northern Great Plains Joint Venture.
SDSU funds, contracts, and employee management support provided by: Dr. James Doolittle, Jane 
Newell, Diane Drake, Dawn Van Ballegooyen, Bobby Markham, Tracy Nordstrom, Jan Rounds Kay Scheibe, 
Shirley Jensen, Mary Larson, Carissa Redinius, Doris Ust, Barb Suderman.
SDSU technical support provided by: Chuck Engelmann, Mike Wimberly, and Rachel Auch.
Land use and other data provided by various staff of the following organizations: USDA Farm Service 
Agency, USDA Aerial Photography Field Office, The Nature Conservancy, Ducks Unlimited, SD Department of 
Game, Fish, and Parks, and the US Fish and Wildlife Service (Huron WMD, Waubay NWR, Madison WMD, Sand 
Lake NWR, HAPET-Bismarck, ND).
Page 3 
iGrow.org  |  A Service of SDSU Extension  |  © 2016, South Dakota Board of Regents
 | natural resources
Executive Summary:
We employed simple GIS methods primarily utilizing the South Dakota Farm Service Agency’s Common Land 
Unit (CLU) data layers from 2013, along with 2012 US Department of Agriculture (USDA) National Agriculture 
Imagery Program (NAIP) county mosaic aerial imagery, to evaluate approximately 22.6 million acres of land 
in the 44 counties that comprise eastern South Dakota. Mapping of this total project area was done in three 
distinct project phases from 2014 through 2016. We utilized the CLU data layer, queried to show current and 
former cropland, to first identify and remove any areas with a cropping history, regardless of current land use. 
We then employed a step by step analysis to analyze the remaining land in approximately one mi2 sections in 
order to identify and remove additional historic or current land disturbances. The remaining land tracts were then 
categorized as potentially ‘undisturbed grassland’ or ‘undisturbed woodland’ by simple reason of deduction. 
Finally, we removed all known water bodies larger than 40 acres as defined by the South Dakota Department of 
Game, Fish, and Parks’ (SDGFP) Statewide Water Bodies layer in order to gain a more accurate interpretation of 
the remaining undisturbed grassland/wetland complex.
Overall, 5,488,025 acres (24.2%) of the approximately 22.6 million acres in eastern South Dakota were 
designated as potentially undisturbed. However, a small portion of the undisturbed acres did have certain 
indications suggesting historical disturbance, and thus were flagged as ‘go-back’ acres. A total of 214,981 acres 
of undisturbed land were flagged as potential go-back acres. The analysis of go-back acres varied between the 
three project phases. 
Of the total approximately 22.6 million acre analysis area, approximately 14.9 million acres (65.9%) were deemed 
to have a cropping history according to the FSA CLU data, while approximately 1.6 million acres (6.9%) were 
found to have some type of land disturbance not indicated by a CLU crop code, for a total of 16.5 million acres 
(72.8%) of all lands with some type of proven disturbance history. 
Within the total approximately 22.6 million acre evaluation area, approximately 1.4 million acres (6.1%) were 
found to have some sort of permanent protection from conversion (some of these acres have a disturbance 
history). Nearly 1 million acres of the approximately 5.5 million acres of undisturbed land (17.5%) had some level 
of permanent conservation protection status. In total, we identified 962,734 acres of undisturbed habitat that is 
protected from future conversion, representing only 4.3% of eastern South Dakota’s total land base. 
Within eastern South Dakota we identified 531 wind turbines, of which 269 (50.7%) were located adjacent to 
potentially undisturbed areas. Only 41 (7.7%) were located adjacent to undisturbed lands permanently protected 
from land conversion.
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Introduction: 
Eastern South Dakota is a diverse mosaic of 
landscapes and features commonly found in the 
transition zone between eastern and western biomes. 
From the streams and forests of the Prairie Coteau 
forming the origins of the Big Sioux River, to the James 
River Valley and the rich farmlands therein, to the 
mixed-grass slopes of the Missouri Coteau, eastern 
South Dakota lands display a great variety of uses and 
products. Within this matrix are a variety of grassland 
and woodland types, including those grasslands and 
woodlands that are considered undisturbed or native 
(those that have never been cultivated or mechanically 
disrupted for agriculture or other uses). Understanding 
both the location and extent of these remaining 
grasslands and woodlands is an essential first step 
in ensuring the future of these important natural 
resources in eastern South Dakota. 
In 2014, South Dakota State University and The 
Nature Conservancy initiated a pilot project to analyze 
undisturbed land in the 17-county Prairie Coteau 
region of eastern South Dakota (project Phase I). 
The objective of that work was to develop a simple, 
systematic, repeatable, and cost-effective approach 
to estimate the location and total area of land tracts 
that are potentially undisturbed (i.e. native) grasslands 
or woodlands. The central component of that analysis 
was the utilization of the 2013 South Dakota Farm 
Services Agency’s (FSA) Common Land Unit (CLU) 
data layer. (For a comprehensive report on the South 
Dakota Prairie Coteau Landscape, see the initial pilot 
report: Bauman et al. 2014).
Based on methodology developed during this initial 
pilot project, we employed similar (albeit more refined) 
methods for the analysis of the entire eastern South 
Dakota region during Phases III and IV (Figure 1). The 
methods and protocols established by this project will 
be published in the future so as to allow a continuation 
of this analysis within South Dakota and other states in 
the region.
During this time, we also utilized these same methods 
to conduct mapping and analysis of potentially 
undisturbed lands in southwestern Minnesota (Phase 
II). The results of project Phase II will not be discussed 
in this report, but are available from the author. 
Mapping and analysis is currently underway for the 
22-county western South Dakota region (Phase V). 
Understanding the land protection status of potentially 
native habitats, especially the quantity and location of 
permanently protected undisturbed lands, is essential 
for developing future protection and conservation 
strategies. We were able to estimate the amount of 
protected undisturbed land in the 44 county eastern 
South Dakota region by intersecting the undisturbed 
layer produced by our analysis with a collection of 
ownership and easement boundaries acquired from a 
variety of conservation organizations and agencies.
Not only will the data layers and information provided 
here provide information on the eastern South Dakota 
landscape never before available, but it will also serve 
as a baseline for which to compare future status of our 
native and non-native habitats.
Quantifying Undisturbed (Native) Lands 
in Eastern South Dakota: 2013
Pete Bauman  |  SDSU Extension Range Field Specialist
Ben Carlson  |  SDSU Senior Agricultural Research Technician
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Figure 1: Eastern South Dakota: Geography of Project Phases I (Prairie Coteau), III (Missouri Coteau), and IV (Remainder of Eastern 
South Dakota Land).
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This eastern South Dakota Report (Phase IV) is a 
continuation of the project methodology and reports 
previously completed for the Prairie Coteau (Phase 
I) and Missouri Coteau (Phase III) landscapes within 
eastern South Dakota. Data from those landscapes 
was incorporated into this final report. However, the 
methods and results included here are the most up-to-
date information available and supersede information 
contained in previous reports. As we finished the 
remainder of eastern South Dakota, certain data in 
relation to the Prairie Coteau and Missouri Coteau 
project areas were modified or refined, therefore 
county-level data found in this report should serve as 
updated and complimentary information in relation to 
those previous reports.
We assessed the history of land use in this 44 county 
area via simple layering and data editing methods in 
ArcGIS in order to deduce the location and size of land 
tracts that are potentially undisturbed (native) habitats, 
regardless of current vegetation type or quality. We 
utilized the South Dakota Farm Services Agency’s 
(FSA) Common Land Unit (CLU) layer from 2013 
along with 2012 USDA National Agricultural Imagery 
Program (NAIP) county mosaic aerial imagery (http://
www.fsa.usda.gov/programs-and-services/aerial-
photography/imagery-programs/naip-imagery/index) 
as our base data layers, projected on-screen at a scale 
no smaller than 1:8,000 to analyze approximately 22.6 
million acres (35,386 mi2). The 1:8,000 minimum map 
scale was selected to allow technicians to view a full 
square mile section (640 acres) of land on a 9-inch-
by-11-inch computer map frame when evaluating land 
use. Greater scales ranging up to 1:800 were used on 
occasion for analyzing smaller tracts of land or to aid 
in the precision of polygon creation and accuracy of 
historic disturbance identification.
Although it could be argued that Great Plains soils 
have a long history of localized ‘tillage’ through the 
historic habits of burrowing animals, hoof impact 
from large herbivores, and the agricultural practices 
of certain Native Americans, we consider modern 
cultivation, anthropogenic development, and use/
extraction of natural resources as the general definition 
of disturbance. See Table 1 for examples of land use 
types considered as ‘disturbance’. 
Conversely, we defined undisturbed land as that 
which the soil has not been mechanically manipulated. 
‘Undisturbed’ areas are those areas that have not 
experienced such ‘iron in the ground’ practices 
and generally include: native remnant grasslands, 
pastures, prairies, and other natural herbaceous plant 
communities including natural forests, woodlands, 
and shrublands as well as non-developed and non-
farmed wetlands. Within these areas lie land tracts 
that may have been farmed or otherwise manipulated 
historically but which lack definitive indicators of such 
and therefore cannot be systematically identified 
as ‘disturbed’ within the context of our analysis 
methods and criteria. For example, small wetlands, 
young forests, hayfields, pastures, and possibly non-
native habitats often occur where historic disturbance 
may have occurred, but for which no data (aerial 
photography or CLU data) was able to confirm 
disturbance. Likewise, many areas were identified 
where definitive indicators of tillage or disturbance 
were confirmed, but where the extent (edge) of the 
disturbance could not be ascertained. In either of these 
cases, we did not want to risk the removal of truly 
undisturbed lands using subjective interpretations, so 
those areas were retained in the ‘undisturbed’ land 
classifications until additional data refinement can 
prove the presence or extent of a disturbance history.
Understanding the FSA Common Land Unit 
Data
The Common Land Unit (CLU) data layers are 
geographic datasets developed and managed by each 
Farm Service Agency (FSA) county office to track 
agricultural land use across the United States. The CLU 
is based on FSA field boundary lines developed from 
actual agricultural ‘use’ lines such as agricultural field 
edges, tree plantings, fence lines, building sites, etc. 
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Common Land Unit data was established in 1998 
and contains land use data tracked using paper maps 
since the beginning of the Soil Bank program, which 
was initiated in 1956. It is reasonable to assume that 
some field boundaries identified in the early years of 
the Soil Bank program would have reflected historical 
agricultural land use, including fields specifically 
recorded and tracked by the Soil Conservation Service 
following the 1936 Soil Conservation Act. The CLU 
data layer contains many data fields, but two data 
fields in particular contain specific indicators that land 
has been cropped at some point in its management 
history: the CLU Classification Code and the 3-CM 
Cropland Indicator. The CLU Classification Code is 
designed to indicate only the most recently recorded 
land use whereas the 3-CM Cropland Indicator 
(instituted in 2012) is designed to record any past 
cropping history for eligibility in USDA programs. 
Therefore, this analysis primarily utilized the 3-CM 
Cropland Indicator code.
The CLU data is not cataloged annually by FSA within 
South Dakota, rather it is a continuously updated data 
layer. However, South Dakota counties do annually 
report to the state FSA office, which also then provides 
an annual South Dakota report to the national FSA 
office, which is then archived in the USDA Aerial 
Photography Field Office. However, because the 
3-CM Cropland indicator has only been used since 
2012, it is difficult to compare data for years prior to 
2012. Therefore, the current CLU layer cannot readily 
be compared to any past CLU data to analyze land 
use trends over time. 2013 was chosen as the static 
temporal extent since this is the most recent year 
that CLU and NAIP Aerial Imagery data coincide for 
the South Dakota project area. It is also the first year 
Table 1: Disturbance Categories and Associated Land Use Types That Constitute Disturbed Land.
Disturbance 
Category




• Currently cultivated cropland
• “Go-back” land, old fields, or former cropland reverted to semi-natural cover
• Former cropland planted or seeded to permanent cover (including hayfields)
• Permanently flooded former cropland
• Prairie restorations
• Wildlife food plots
• Cultivated or planted trees and shrubs for wildlife or conservation purposes
• Trees and shrubs planted for wind breaks, farm groves, and tree claims
• Large linear drainage ditches (when on the edge of undisturbed grasslands)
• Farm sites and associated buildings, wind breaks, farmyards, driveways, feedlots, manure storage, and 
animal pens
• Abandoned farm sites, when visible
• Feedlots and Concentrated Animal Feeding Operations
Residential 
Disturbance
• Municipal residential housing developments and built up areas
• Rural homesteads, building sites, and surrounding yards and driveways
• Recreational areas including: campgrounds, golf courses, historic sites, picnic areas, race tracks, boat 
launches, sports fields, shooting ranges, and associated roadways and parking areas
• Schools, churches, cemeteries, and town halls
Industrial 
Disturbance
• Graded highways, roads, streets, parking lots, and driveways
• Abandoned road grades (when built up or on the edge of undisturbed grasslands)
• Railways, including spurs and abandoned railway grades
• Artificial or otherwise impervious surfaces
• Gravel and sand pits
• Rock quarries
• Mechanically exposed earth
• Wind turbines, turbine pads, and access roads
• Large earthen dams and spillways
• Factories, power plants, and other built up industrial or commercial areas
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available for South Dakota in which the Cropland 3-CM 
indicator was used.
While both the general crop and non-crop codes are 
fair indicators of major land use trends across a broad 
region, because of the nuances associated with the 
CLU crop and non-crop codes, they simply cannot 
provide a precise measure of the sum total of either 
disturbed or undisturbed lands. 
The 2013 South Dakota Farm Service Agency Common 
Land Unit data layer was acquired via a Memorandum 
of Understanding between FSA and South Dakota 
State University. The terms of the MOU restrict SDSU 
from accessing personal landowner data as well as 
sharing or directly incorporating these data files into 
any product developed through this project. 
Several USDA FSA documents were referenced as 
we developed our methodologies for interpreting 
CLU data, especially concerning the interpretation 
of cropland and out-of-state CLU records. See FSA 
References section of this report for a list of specific 
documents pertaining to the creation and use of CLU 
records. From these documents, we have found 
several CLU land use designations, the significance of 
which are described as follows:
Crop
Within the ‘crop’ designations are farm fields that have 
a history of being cropped and are still considered 
eligible for USDA cropland programs (such as direct 
and counter-cyclical payments). A farm field with a 
crop designation code provides significant historical 
perspective regarding where current or previous 
land tillage has occurred since approximately 1956 
and thus the land tract can be safely removed from 
any estimation of native or undisturbed land. It is 
important to understand that the CLU crop layer does 
not necessarily include all land with a cropping history; 
rather it only represents cropland that was recorded by 
USDA programs since about the mid-1950s. Crop lands 
never enrolled in USDA programs were not recorded in 
the CLU layer. Additionally, there are instances where 
a CLU crop designation may have been removed or 
changed (see below). Therefore, it cannot be assumed 
that the CLU data alone represents the sum total of 
historic and current cropland in a given county. For 
a complete definition of ‘cropland’ as it applies to 
the 3-CM cropland indicator in the CLU dataset, see 
Subparagraph 25 B (page 2-6) in the FSA Handbook 
3-CM (Revision 4): Farm, Tract, and Crop Data.
Non-Crop
Within the ‘non-crop’ designation are all land ‘units’ 
that are currently un-cropped or designated as a 
field where cropping: 1) has actually never occurred, 
2) occurred prior to tracking by USDA programs 
(circa 1950s), or 3) will no longer occur due to a 
change of ownership or use that impacts future 
use or disqualifies the land from eligible cropland 
status in USDA programs (see ‘crop to non-crop’ and 
‘removal of CLU data’ sections below). An example 
of a non-crop designation would be a native pasture 
or woodland that has never been tilled for row crop 
agriculture. A second example would be a city or town 
that has existed for decades where cropping simply 
does not occur. 
Non-Crop to Crop Reclassification
Generally, new crop fields (i.e. conversion of native 
or virgin sod) will be re-classified in the CLU system 
from non-crop to crop if the farm or field is enrolled 
in any type of USDA program. For example, if a farm 
converts a previous non-crop designated area to crop 
and that farm has a USDA farm number, the Farm 
Service Agency would reclassify the new field area 
from non-crop to crop. When, in the case of land 
recently converted to cropland or crop fields that have 
been expanded but in either case not yet enrolled or 
recorded in any USDA program, the CLU cropland 
layer will not yet reflect this change. If the conversion 
occurred before the date of NAIP aerial imagery used 
in our analysis, mapping technicians would still identify 
the disturbance using the aerial imagery and thus 
categorize the field as disturbed and remove it from the 
undisturbed land layer.
Crop to Non-Crop Reclassification
Under the CLU system, the 3-CM Cropland Indicator 
is intended to track cropland for eligibility in USDA 
programs. This indicator may change from a cropland 
to non-cropland designation in certain instances, such 
as when the tract is permanently taken out of possible 
future crop production due to a change in land use. 
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Examples of what might trigger a reclassification 
from crop to non-crop could include a crop field 
that is converted to residential, municipal, industrial, 
commercial, or farm site use. Under these scenarios, 
even though the land use designation is now non-crop, 
our analysis methodology would still easily identify 
the land as ‘disturbed’ via visible indicators in the 
NAIP aerial imagery (buildings, ground disturbances, 
etc.). This reclassification is allowed according to 
Subparagraph 25 J (page 2-8) in the FSA Handbook 
3-CM (Revision 4).
The 3-CM Cropland Indicator can also be changed 
from crop to non-crop when future land use is dictated 
by legal ownership or a status change, such as when 
purchased by a habitat, recreation, or conservation 
agency or when permanently encumbered by an 
easement that restricts row-crop agriculture (for the 
purposes of this report, we generally refer to these 
‘protected’ lands as conservation lands). If such a 
change makes a certain tract ineligible for cropland 
status under USDA programs, the tract may (but not 
always) be changed to non-crop. See Subparagraphs 
25 H and I, and Paragraph 26 in FSA Handbook 3-CM 
(Revision 4) for a complete list of instances were 
conservation lands are either removed from or retained 
in the CLU cropland classification.
Under these circumstances, historic cropping may be 
much more difficult to identify, especially if significant 
time has passed for the land to have been actively 
converted, or in some cases passively reverted, to a 
more natural vegetative cover. Further complicating 
this reclassification is the fact that not all conservation 
land ownership necessarily restricts cropping, and 
thus cropping can continue on conservation lands even 
under a non-crop designation. A food plot or hayfield 
on property owned by South Dakota Department of 
Game, Fish, and Parks is a good example of cropping 
on conservation land that may have been re-classified 
as non-crop at the time of purchase by the state.
In South Dakota, private land conservation easements 
held specifically by the US Fish and Wildlife Service 
(USFWS) or other conservation organizations can be 
reclassified from cropland to non-cropland by FSA 
offices if the easements restrict future tillage. Some 
land use history data does exist for FWS easements, 
but overall is very incomplete, and CLU data for 
conservation lands are usually inconsistent. Thus many 
grassland easements may be incorrectly classified 
as undisturbed under our analysis methods and may 
require additional review, as discussed below. 
Complete Removal of CLU Data Records
In the instances described above the land is still 
recorded and tracked by USDA in the CLU system 
as non-crop. However, in some cases, land may 
be removed entirely from USDA programs (and 
subsequently FSA record keeping), such as with some 
conservation lands. Although relatively rare, these 
lands have no associated crop or non-crop data and 
are essentially ‘holes’ in the CLU data. Again, further 
complicating the issue with conservation lands is 
that reclassification and removal of CLU data is not 
consistent across counties and is likely dependent 
on a variety of local factors. Protocols and timing for 
removal of CLU data by county FSA offices are highly 
variable.
In any case, whether CLU data is changed or removed, 
we required other data sources to consistently 
confirm disturbance on conservation lands. In order to 
accomplish this, we acquired land use and vegetation 
cover data from specific conservation and habitat 
entities including the US Fish & Wildlife Service, South 
Dakota Department of Game, Fish, and Parks, Ducks 
Unlimited, The Nature Conservancy, and others.
USDA Allowance of Out-of-County Land Records
The USDA allows for county offices (such as FSA) 
to track all the properties owned by an individual 
landowner enrolled in USDA programs, including lands 
that occur outside the county boundary or even in an 
adjacent state. This determination and allowances for 
transferring records between counties and states is 
described in Part 3 of FSA Handbook 3-CM (Revision 
4). In our previous reports under this project, South 
Dakota properties located in border counties and 
administered by out-of-state USDA offices may have 
lacked CLU data in the original 2013 South Dakota CLU 
layer. Some of the crop fields administered out-of-state 
were still detected and removed during analysis via the 
NAIP imagery, but many formerly cropped fields could 
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not be removed in this manner. For this final report 
we were able to secure and utilize FSA CLU data for 
all surrounding states (MN, IA, NE, WY, MT, and ND) 
via a multi-year, multi-state MOU, thus our analysis for 
eastern SD (including the Prairie Coteau and Missouri 
Coteau landscapes) now includes complete FSA CLU 
data for all counties. Due to the use of complete CLU 
data, additional historic cropland in border counties was 
removed from our undisturbed layer, so county-level 
data included in this report should supersede all data 
previously reported in Phases I and III.
Deductive Analysis Procedures
Note: For further technical descriptors regarding the 
development of specific data layers, see metadata files 
associated with each GIS dataset listed in Table 2 of 
the Results section of this report. 
Step 1: Interpreting CLU Data
Mapping technicians, working at a scale of 1:8,000 
or greater, analyzed base layers including 2012 NAIP 
aerial imagery and 2013 South Dakota FSA Common 
Land Unit data. The CLU data was queried and 
symbolized to show which fields have a cropping or 
tillage history indicator. This first-level analysis allowed 
us to then identify areas without a recorded cropping 
history (non-crop) for additional analysis using aerial 
photography and other land use history data. 
We ‘accepted’ FSA crop data as accurate measured 
data, regardless of certain anomalies that occasionally 
indicated a land unit may be potentially misclassified 
regarding actual land use history or else topologically 
or orthographically incorrect due to inconsistencies in 
digitizing by FSA offices. Indications of cropping history 
misclassification were extremely rare and in no case 
did we include a tract with a 3-CM cropland indicator 
in our undisturbed data layer, even if we suspected 
that the cropland indicator may have been erroneously 
applied to the tract by FSA. A correction of this nature 
would require an on-site visit to the tract by a qualified 
person, and on-the-ground confirmation of land use 
history was not part of this analysis. Conversely, we 
did consider land with a ‘non-crop’ CLU code to be 
‘disturbed land’ if there was evidence of a cropping 
history. This option is necessary in our protocol 
because of the previously discussed issues with FSA 
re-classifying previous crop to non-crop under certain 
circumstances, such as when a tract of land came 
under the control of a conservation organization or 
conservation program such as permanent easements 
restricting future cropping of the tract. 
Step 2: Interpreting ‘Other’ Disturbances
Interpreting the ‘other disturbances’ detailed in Table 1 
comprised the main focus of our work. After removal 
of the FSA CLU croplands, technicians then began the 
deductive process of identifying potentially undisturbed 
(native) grasslands and woodlands by evaluating 
remaining land tracts for indicators of historic or current 
disturbance. Once identified, these disturbed areas 
were permanently eliminated from further analysis and 
were not tracked or mapped categorically. However, 
during Phases III and IV, tracts that were suspected 
of having prior disturbance, but where disturbance 
could not be verified, were delineated and flagged as 
potential ‘go-back’ lands with an uncertain history, as 
discussed in step 3, below. 
To complete step two, a number of additional 
tools were utilized to assist in the evaluation of the 
landscape including 1990’s Digital Ortho Quarter Quad 
(DOQQ) County Mosaic Imagery and topographic 
composite maps, both originally produced by the US 
Geological Survey and published by the USDA.
During this step in the evaluation process, we gathered 
and applied land cover and land use history data from 
conservation entities as well. Often, agency specific 
management data would include several tracts of land 
where historic or current land use indicated disturbance 
such as cropping, but which were not indicated in the 
CLU data, making the agency data a valuable resource 
in ensuring accuracy of land use history categorization. 
The specific management data layers were queried 
and symbolized to show areas that were restored or 
historically disturbed.
Figure 2 provides an example of a section of land 
where the CLU ‘crop’ layer has been removed (black) 
and where various other disturbances were removed 
via on-screen digitizing, leaving only those areas 
determined to be ‘potentially undisturbed’ woodlands 
and grasslands.
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At this point in the mapping process, historical DOQQ 
imagery and web map services such as Google Earth 
were utilized to investigate historic use on land tracts 
where past disturbances were suspected but non-
definitive or else not readily apparent.
It is important to note that within the final overall 
‘undisturbed’ layer remains small or isolated land 
manipulations that were difficult to identify at the 
mapping scale and that do not significantly impact 
the total acreage assessments. Examples include: 
ungraded pasture and field roads, hay and forage 
storage yards, corals and other small livestock holding 
and feeding areas, abandoned homesteads not readily 
identified on aerial photographs, singular isolated 
buildings such as calving sheds and hunting cabins, 
livestock dams and dugouts and their associated spoil 
piles, small or isolated historic irrigation or drainage 
ditches and terraces in grasslands, or small levies along 
stretches of otherwise un-manipulated prairie streams 
or rivers. 
Once all land with a definitive cropping history or other 
disturbances were eliminated, the remaining land 
tracts were, by default, considered to be ‘potentially 
undisturbed’ and were digitized using simple manual 
editing techniques in ArcMap. These remaining 
potentially undisturbed lands were then retained 
for further classification as undisturbed grassland 
or woodland, as described in step 4 below. It is this 
systematic elimination of disturbed areas, resulting 
in a map of remaining potentially undisturbed lands 
that comprises the basis of our deductive analysis 
approach.
Figure 2: Example: Image at left depicts an area of McPherson County, SD, during initial analysis. Areas in black represent fields 
with a CLU ‘crop’ indicator code that were removed, leaving all non-blacked out areas (including ‘non-cropland’ designated CLU 
tracts, in cross-hash marks at left) to be further analyzed. Technicians analyzed all non-crop and no-data areas for indicators of past 
disturbance. In this case, several tools were employed to identify and remove areas of current and historic disturbance such as 
USFWS cover types (native prairie, grassland restorations, old hayfields, etc.), land use data (colored areas, left) and historic 1998 
USGS imagery (right). Ultimately, based on all known factors, final potentially undisturbed land tracts are identified and cataloged in 
the database as seen in the image at right (grasslands [beige]).
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Step 3: Identifying Go-Back Land and Land with 
Uncertain Management History
Many potential signs of tillage or disturbance 
were identified using historical imagery or web 
map services. These indicators include rock piles, 
potential dead furrows, linear patterns, and changes 
in vegetation, all of which suggest historical tillage on 
fields that were either tilled and abandoned prior to 
FSA CLU tracking (now considered go-back pasture) 
or fields that were re-classified as non-crop due to 
coverage by a grassland easement (see ‘Understanding 
Common Land Unit Data’ section above). 
In some cases, disturbance indicators were clear 
enough to prove definitively that a particular field had 
undergone historical tillage, and thus that field was 
removed (Figure 3).
In many cases, disturbance indicators were not clear 
enough to prove definitively that a particular field had 
undergone historical tillage. In other cases, the exact 
delineation of historical tillage could not be determined 
for the entire tract (indicators may be apparent in only a 
portion of a particular old field). 
In cases where: 1) signs of historical disturbance 
were probable but not certain, 2) where edges of 
disturbed areas could not be delineated, or 3) where 
range or pasture water retention projects (such as 
terracing [Figure 4] or rangeland furrowing [Figure 5]) 
occurred, mapping technicians delineated a polygon 
outlining what appeared to be the extent of the 
disturbance using the cut polygon tool and made a 
note of the potential disturbance in the Notes data 
field. Later, these tracts with possible disturbance 
indicators were identified with a “1” attribute in the 
“Disturbance Uncertain” column of the data table. 
Tracts identified in this manner should be the primary 
target for future ground-truthing or data refinement 
efforts. It is possible that data from historical land 
use maps, aerial photography, or Light Detection and 
Ranging (LiDAR) coverages could be used to ascertain 
potential disturbance indicators in the future for these 
Figure 3: Example of clear indiacations of go-back land where 
enough ‘proof’ was compiled to remove the tracts from the 
undisturbed layer. Note: In Phases III and IV go-back polygons 
were most often retained for futre analysis
Figure 4: Example of terracing on otherwise undisturbed 
grassland without clear indiacations of historic cropping. 
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and other tracts (for information on LIDAR data see 
http://oceanservice.noaa.gov/facts/lidar.html).
It should be noted that systematic efforts to delineate 
go-back fields were only conducted in Phases III and 
IV of the eastern SD project, and were not conducted 
during the Phase I Prairie Coteau pilot project. 
However, some individual tracts were revisited when 
integrating Phase I data with that of Phases III and 
IV, but the process was not applied over the whole 
Phase I area. This will need to be completed in future 
revisions of this dataset.
Identification of tracts with uncertain disturbance 
history began in earnest during Phase III (including 
Campbell, McPherson, Walworth, Edmunds, Potter, 
Faulk, Sully, Hyde, and Hand Counties) at an initial 
scale of 1:50,000 after mapping and review was 
complete. Individual tracts identified at this scale were 
then mapped at a normal working scale of 1:8,000 or 
greater. Thus, fields with uncertain historical tillage in 
these counties were likely not entirely identified and 
tabulated due to identification at this smaller scale.
Identification of tracts with uncertain disturbance 
history in areas of counties mapped during Phase IV 
of the mapping project occurred at the 1:8,000 scale 
during mapping and review, yielding a much more 
complete and accurate picture of possible historical 
disturbance for Phase IV counties than for Phase 
III counties. Phase IV identification of these go-
back tracts covers all counties not assessed during 
Phase III and the remaining portions of those Phase I 
counties that were not completed during the Phase I 
assessment.
Step 4: Designating Potentially Undisturbed 
Woodlands
Classification of potentially undisturbed woodlands is 
intended to capture remnant native woodlands. In the 
eastern tier counties of the Prairie Coteau and along 
the southern reaches of the Big Sioux River, these 
native remnant woodlands are primarily comprised of 
native deciduous species such as ash (Fraxinus spp.), 
oak (Quercus spp.), cottonwood (Populus spp.), and 
willow (Salix spp.), and non-native deciduous species 
such as Siberian elm (Ulmus pumila) and Russian olive 
(Elaeagnus angustifolia). Along the Missouri River, 
native remnant woodlands are most likely comprised of 
eastern red cedar (Juniperus virginiana), cottonwood, 
ash, or willow stands which typically occur in valleys, 
small draws, and occasionally along the banks of rivers, 
streams, and wetlands.
Any stand of trees appearing to be native remnant 
woodland and that was approaching a closed or mature 
canopy as visible with the 2012 NAIP aerial imagery 
was classified as undisturbed woodland. Areas 
covered with scattered deciduous trees remained in 
the native ‘undisturbed’ grassland layer as long as they 
did not appear to be planted and did not approach a 
closed or mature canopy.
Often, trees growing in and around small wetlands 
are classified as undisturbed woodlands, which may 
include willow brush or cottonwood stands. Since no 
measurements were taken on actual canopy cover, 
the commission and omission of woodlands is often a 
subjective judgment made by the mapping technician. 
The mapping of the woodland-grassland classification 
may have a precision of +/- 2.2 - 22.5 meters, 
depending on which scale it was mapped at, which we 
deemed as acceptable given the oftentimes ecotonal 
nature of these areas.
Trees planted for soil, water, or habitat conservation 
or as farm shelterbelts and groves were not mapped 
as undisturbed woodlands. Closed canopy or newly 
planted conifer/willow/shrub stands were removed 
from the undisturbed layer and considered disturbed 
Figure 5: Example of rangeland contour furrowing. This is 
primarily a western rangeland practice that was identified 
sporadically in eastern South Dakota.
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land if it was obvious the stand was greater than a 
single row and planted in a pattern for wind protection 
or wildlife habitat (as is typical in this region). 
Sometimes, it is difficult to discern whether trees 
classified as potentially undisturbed woodland are 
planted or natural, especially in the case of farmsteads 
adjacent to wooded riparian areas or old tree claim 
plantings near wetlands with no adjacent farmstead.
It is important to note that woody cover is actually 
increasing in certain regions of eastern South Dakota 
and that this encroachment is largely into grasslands, 
not croplands or other areas with heavy human use. 
While deciduous tree encroachment/expansion into 
grasslands does occur, it is likely that eastern red cedar 
encroachment and expansion into native rangelands 
accounts for a greater loss of open grasslands than 
does deciduous tree expansion.
Step 5: Error Analysis and Accuracy Review
As technicians progressed through the deductive 
analysis process for each section, decisions on 
land use classifications become less objective and 
increasingly subjective. For example, removal of land 
with a CLU cropping history is an objective process 
requiring no visual interpretation. Conversely, removal 
of obvious disturbances such as buildings, gravel pits, 
and municipalities is a subjective process utilizing 
interpretation of aerial imagery. However, removal of 
‘obvious’ disturbances is fairly straightforward and the 
primary issue of subjectivity is not so much in relation 
to the disturbance type but rather in relation to the 
decision on where the most practical boundary should 
be drawn that defines the disturbance. 
Subjective decisions become more necessary when 
interpreting source data in order to identify indicators 
such as previous tillage scars or else to correctly 
classify small or linear habitats. It is at this point 
that technician experience becomes invaluable, as 
experienced and well trained technicians begin to build 
rigorous mental search images as they evaluate each 
tract of land against cumulative knowledge gained from 
previous assessments of similar tracts.
Phase I review and analysis utilized a two-step 
verification process. The first step was a thorough 
review and correction of the technician and contractor 
final products for the Prairie Coteau landscape. 
The second step was a county by county review 
of the entire project area by SDSU and The Nature 
Conservancy project leaders to ensure accuracy and 
consistency.
Phases III and IV employed a more rigorous review 
process. In order to ensure accuracy of final ‘potentially 
undisturbed’ grassland and woodland data, each 
section (square mile) in the project extent was 
analyzed and reviewed independently by two qualified 
mapping technicians using the aforementioned process 
steps. Once each county was initially digitized by a 
mapping technician, the second technician would 
review the work of the first to address any uncertain 
data interpretations and correct any omission, 
commission, or topology errors. Any remaining 
uncertainties in interpreting or analyzing the source 
data were flagged and discussed at a later point in a 
group setting with the project coordinator, at which 
point they were rectified or explained in the notes field 
of the GIS layer data attribute tables. 
Figure 6: Eastern South Dakota: Location of random review 
points utilized during all project Phases III and IV. 
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Finally, for Phases III and IV of our analysis, a series 
of 123 random points were established within the 
project extent (approximately 3 points per county) 
and evaluated by both technicians and the project 
coordinator to assess protocol consistency along with 
accuracy of mapping and source data interpretation 
(Figure 6).
Step 6: Lakes and Wetlands
Once the extent of potentially undisturbed grassland 
and woodland areas was determined, we then 
applied additional measures to further refine these 
data. Unique challenges were associated with the 
classifications for wetlands and lakes. Because of the 
integration of water bodies throughout the disturbed 
and undisturbed layers, and because the separation 
of waters from native habitats is at best an arbitrary 
decision, we elected to retain all water bodies less 
than 40 acres in the final undisturbed layers (as defined 
by the South Dakota GFP Statewide Water Bodies 
layer) if those water bodies were within or adjacent 
to potentially undisturbed lands. These smaller water 
bodies were not removed because, although water 
bodies are not grassland or woodland per se, they 
are essentially a part of the functioning landscape, 
especially in larger blocks of undisturbed land. Larger 
water bodies, on the other hand, may artificially inflate 
the amount of undisturbed land if retained in the final 
layer. Thus, a conservative standard size of 40 acres 
(1/16 square mile) was chosen for water bodies to 
remove.
NOTE: This 40-acre minimum threshold was adopted 
after the Phase I pilot project was completed, so for 
those areas of counties falling within the Prairie Coteau 
landscape, all water bodies included in the Statewide 
Water Bodies layer, regardless of size, were removed 
from the undisturbed layer. Additionally, because 
the use of the Statewide Water Bodies layer was 
determined after the pilot project began, mapping 
technicians may have manually edited out smaller 
waterbodies for some counties in the Prairie Coteau 
region that would not have been necessarily removed 
by the SDGFP Statewide Water Bodies layer.
Understanding that no data layer is perfect, it is worth 
noting that the SDGFP Statewide Water Bodies layer is 
an incomplete dataset. The SDGFP is actively creating 
water body delineations on a county-by county basis 
using aerial photo spectrometry to create highly precise 
delineations. However, counties that have not been 
completely analyzed using photo spectrometry utilize 
modified water body delineations from the National 
Wetland Inventory dataset for all or some of a given 
county’s water bodies. In the Eastern South Dakota 
region: Brule, Buffalo, Campbell, Charles Mix, Hand, 
Hughes, Hyde, Sully, Union, Walworth; and portions 
of Edmunds, Faulk, Jerauld, McPherson, Marshall, 
Potter, and Spink counties appear to not have had 
water bodies created by photo spectrometry, meaning 
most of the water bodies in these counties come from 
the modified NWI dataset. As the SDGFP Statewide 
Water Bodies layer becomes more complete, future 
refinements of this analysis will utilize the most up-
to-date version of the Water Bodies layer available to 
remove lakes greater than 40 acres. Regardless, the 
SDGFP Statewide Water Bodies have been accepted 
as measured geometric data, thus no editing or 
commission/omission decisions beyond the 40-acre 
threshold have been performed. 
Furthermore, the SDGFP Statewide Water Bodies layer 
does not include the Missouri River or its reservoirs, 
which comprise a very large surface water area when 
full. We removed all land and water areas seasonally 
or permanently flooded by dams on the Missouri River 
using geoprocessing tools in ArcMap. To do this, we 
utilized a layer for the Missouri River and its reservoirs 
from the SD Department of Transportation (DOT). 
Since the SD DOT layer did not delineate the full-basin 
level for Lake Oahe, another layer for the full-basin 
Lake Oahe was acquired from the Army Corps of 
Engineers via the SDGFP. Updated geometry for the 
James and Big Sioux river could not be located, so 
these waterways remained classified as undisturbed 
grassland or woodland in the final undisturbed layer 
(although some portions were removed during Phase I 
mapping).
Step 7: Evaluation of Undisturbed Land Protection 
Status
Of primary interest in our analysis was the relative 
overlap of undisturbed grasslands and woodlands 
with records of permanent conservation protection, 
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which was derived by compiling the most up-to-date 
protection data available. For the purposes of our 
analysis, we define the term ‘protected’ as lands that 
cannot or realistically will not be converted from their 
current grassland or woodland state due to either the 
institutional and/or conservation policy of the agency 
or entity that owns the land in fee title (such as The 
Nature Conservancy, the US Fish and Wildlife Service, 
or the National Park Service) or as lands that are legally 
encumbered through easements, deed restrictions, 
or other permanent or perpetual clauses that would 
restrict the land from being converted from the present 
natural state to some other use (which includes, but 
is not limited to, USFWS grassland easements and 
NRCS Wetland Reserve Program (WRP) or Grassland 
Reserve Program (GRP) perpetual easements). 
A variety of federal and state agencies own and 
manage property in South Dakota, as do several Native 
American tribes and various local government and 
non-government organizations. These organizations 
and entities have individual operating procedures, 
protocols, or standards for how their properties are 
managed and utilized. However, not all of these 
management strategies specifically restrict the 
conversion of grasslands and woodlands to other uses 
(see below for examples). Therefore, the ‘protected 
lands’ layer compiled for this analysis only includes 
fee title lands and permanent conservation easements 
owned or held by organizations or entities that have 
a specific policy or legal encumbrance restricting the 
future conversion of grasslands and woodlands to 
other uses. In eastern South Dakota, organizations 
and entities that fit this description include: US Fish 
and Wildlife Service, Natural Resources Conservation 
Service, The Nature Conservancy, Northern Prairies 
Land Trust, and some Army Corps of Engineers land 
along the Missouri River. 
Specifically absent from the ‘protected lands’ layer 
are lands owned or generally managed by: SD School 
and Public Lands, SD Department of Game, Fish, and 
Parks, Tribal Trust and Reservation Lands, US Bureau 
of Indian Affairs, US Bureau of Land Management, 
and US Forest Service. For these entities, as well as 
others, land use decisions are potentially influenced 
by interpretation, leadership decisions, reserved 
future multi-use, or else these lands are otherwise 
not permanently legally encumbered from conversion, 
regardless of current institutional philosophy. An 
excellent example is lands owned by SD School and 
Public Lands (SDSPL). Although there is a standing 
moratorium on conversion of current grazing lands 
held by SDSPL and the current administration has no 
interest in allowing these grasslands to be converted 
to cropland, there is no specific legal protection to 
ensure compliance with this philosophy. Thus the 
commissioner of the SDSPL has the legal authority to 
grant exemptions and/or to change the policy, even if 
highly unlikely (SDSPL Commissioner Ryan Brunner, 
pers. comm., Sept. 2015). 
Contrary to data presented in our previous Prairie 
Coteau and Missouri Coteau reports, the SD 
Department of Game, Fish, and Parks lacks any 
policy restricting the conversion of native grasslands 
to other uses, such as wildlife food plot plantings or 
other recreational facilities. Therefore, lands owned 
and managed by SDGFP have been removed from the 
‘protected lands’ layer in this analysis.
Protection layers were acquired either through publicly 
accessible sources or through direct contact with 
organizations holding the fee title to the property or 
the easement. Source citations are listed in detail 
in the metadata files associated with the feature 
classes listed in Table 2 below. Information on fee 
title ownership and easement holdings was collected 
and merged into a single aggregate layer, which was 
then clipped to the project extent. This protected 
lands layer was then intersected with the potentially 
undisturbed grasslands and woodlands layer produced 
by our initial analysis, which resulted in a final 
‘protected undisturbed’ data layer. Because some land 
ownership data is sensitive or proprietary, aggregating 
and reporting the protected land data in a single 
layer with no identifying information was crucial for 
gaining permission to utilize these data while ensuring 
protection of the sensitive information. In this manner, 
it is still possible to determine the amount of total 
protected land that is either disturbed or undisturbed, 
which was the primary intent of the analysis. 
Additional potentially protected lands (fee title or 
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easements) occur throughout South Dakota and are 
held by a variety of state, county, or private entities. 
Unless specifically listed in the previous paragraphs, 
it can be assumed that we were not able to acquire 
reliable boundary data for these areas. Data from these 
organizations may be incorporated into the ‘protected 
lands’ layer in future analysis.
Step 8: Identification of Wind Turbines
Creation of the wind turbine layer occurred coincidental 
to the creation of the potentially undisturbed lands 
layer. Mapping technicians, working at a scale of 
1:8,000, analyzed the 2012 NAIP Aerial Imagery base 
layer during this mapping process. While turbine pads 
and access roads were considered ‘disturbed land’ and 
were removed during analysis, a point was created and 
placed on individual wind turbines that were identified 
from the aerial imagery. In order to calculate the impact 
of wind turbines on both potentially undisturbed and 
protected undisturbed lands, a spatial search query 
with a 50-meter radius was conducted to identify the 
number of wind turbines adjacent to these areas.
Integrating Phase I Pilot Project Data into 
Overall Eastern SD Data
Because the Prairie Coteau Landscape of Eastern SD 
was mapped during the Phase I pilot project a year 
before the remainder of Eastern South Dakota, the 
protocol used by mapping technicians was not yet 
fully developed and as a result slightly different and 
less rigorous than in Phases III and IV. Differences in 
protocol include:
• Editing techniques: Feature snapping and various 
other construction and/or cut polygon tools were 
not consistently utilized during the initial Phase I 
mapping process, especially in Brown, Marshall, 
Grant, Hamlin, Kingsbury, Brookings, and Moody 
Counties.
• Topology: Inaccurate boundaries between 
polygons, resulting from the above editing 
techniques and lack of topology validation, resulted 
in many overlapping polygons and gaps between 
polygons.
• Source data: USGS MDOQ 1990’s imagery and 
DRG topographic images were not utilized during 
initial Phase I mapping, so identification of prior 
tillage, gravel pits, and farm sites was greatly 
hampered. Furthermore, complete land cover/land 
history data was not available for lands owned or 
managed by the US Fish and Wildlife Service and 
SD Department of Game, Fish, and Parks.
• Removal of water bodies: The pilot project did 
not consistently utilize the 40-acre minimum 
size threshold for removing water bodies. Also, 
in many counties, some water bodies were 
manually removed during editing instead of during 
geoprocessing after mapping.
• Areas of possible historical disturbance: The 
identification, delineation, and flagging of lands 
with uncertain disturbance history/go-back land 
was not consistently carried out during Phase I.
Some of these differences in protocol remained 
unresolved since a complete update of the Prairie 
Coteau Landscape data could not be achieved in 
a timely manner without additional funding and 
resources. However, differences in protocol that could 
be rectified using landscape-level processes were 
addressed. After Phases III and IV of the mapping 
project were complete, several of these landscape-
level processes were undertaken to integrate the data 
produced during the Prairie Coteau pilot project in 2014 
(Phase I) with this new eastern SD data. 
In order to ensure a consistent application of the 
Common Land Unit data (especially CLU data from 
Minnesota and other states), 2013 CLU cropland 
polygons (those with a Cropland 3CM value of 1), were 
removed from the Prairie Coteau undisturbed data 
using the Erase geoprocessing tool.
Obvious recent conversion and recent grassland 
restorations not captured by CLU data on the Prairie 
Coteau were also manually removed from the Prairie 
Coteau dataset. Possible instances of these issues 
were identified using a 6-year stack of USDA National 
Agricultural Statistics Service Cropland Data Layer 
(NASS CDL) rasters. Any site with a noticeable amount 
of ‘cropland’ classes for more than two of the six years 
were flagged. This yielded approximately 30 sites that 
were then manually edited using 2012 NAIP imagery to 
remove recent conversion and grassland restorations 
that may have been overlooked by technicians during 
the pilot project.
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During initial mapping of the Prairie Coteau pilot project 
area, many overlapping areas and gaps between 
individual polygons were created through improper 
editing techniques (i.e. not using feature snapping 
or not using cut polygon tools). When the pilot 
project was completed, the individual counties were 
aggregated using the Intersection geoprocessing tool 
instead of the Merge tool. This inadvertently resulted 
in the creation of new polygon slivers wherever any 
polygons overlapped. In order to ensure a basic level 
of topological consistency, a feature class topology 
was established and verified for the Prairie Coteau 
data. This topology included a cluster tolerance of 2.2 
meters, which removed many slivers and removed 
overlapping polygons. Remaining slivers smaller than 
100 square meters were merged into an adjacent 
larger polygon, but no further topological processing 
was conducted in order to preserve the accuracy 
of grassland-woodland delineations. Unfortunately, 
many of the slivers produced by overlapping polygons 
still remain in the Phase I project area and may only 
be removed by merging polygons manually during a 
future full review of the landscape. Also, gaps between 
polygons created in the same manner could not be 
removed without a full review of the landscape.
Land cover/land history data for conservation lands 
was not utilized during the pilot project, so a review of 
these lands was also conducted during Phase IV. In 
order to remove areas of current or prior disturbance 
in wildlife lands managed by the SD Department 
of Game, Fish, and Parks or the US Fish & Wildlife 
Service, all sites owned and managed by these 
agencies were reviewed and edited using agency-
specific land cover/land history data in the same 
manner as described in analysis Step 2 in the Methods 
section of this report. In this case, the only FWS data 
available for the Prairie Coteau Landscape was from 
the Waubay Wetland Management District, which 
covers Marshall, Day, Codington, Clark, Grant, and 
Roberts Counties.
Differences in CLU data, the use of SDGFP & USFWS 
land cover/land history data, and basic topology 
validation could all be corrected by applying the 
Table 2. GIS Feature Classes Developed by South Dakota State University for the Analysis of Eastern South 
Dakota.
Filename and Descriptor Details
EasternSD_pudl_cntyextent:  
Eastern SD Potentially Undisturbed Lands Project Extent
Polygon feature class representing those counties in the 
Eastern South Dakota Region that were analyzed as part of 
the SD & MN Potentially Undisturbed Lands project.
EasternSD_pudl:  
Potentially Undisturbed Lands in the Eastern South Dakota 
Region
Polygon feature class representing grasslands and 
woodlands mapped at a scale of 1:8,000 that did not 
contain any apparent indicators of agricultural, industrial, 
or residential disturbance prior or current to the end of the 
2013 growing season.
EasternSD_pudl_protected:  
Potentially Undisturbed Lands in the Eastern South Dakota 
Region with Permanent Protection
Polygon feature class representing undisturbed grasslands 
and woodlands (from the Potentially Undisturbed Lands 
layer) that have permanent protection status through fee 
title ownership or easement holdings by a conservation 
entity.
EasternSD_pudl_nonprotected_public:  
Potentially Undisturbed Lands in the Eastern South Dakota 
Region owned by Agencies without permanent protection
Polygon feature class representing undisturbed grasslands 
and woodlands (from the Potentially Undisturbed Lands 
layer) that are owned by state or federal agencies and do not 
have permanent protection status through institutional policy 
or legal restrictions. 
EasternSD_windturbines:  
Wind Turbines in the Eastern South Dakota Region
Point feature class representing the location of wind 
turbines mapped at a scale of 1:8,000 using aerial 
photography from July 2012.
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respective datasets and/or geoprocessing tools 
consistently across the landscape without a section-
by-section review. Thus, these differences in protocol 
were addressed in the manner described above.
Differences in protocol that could not be addressed 
include the use of USGS MDOQ historical imagery 
and USGS DRG topographic images, which were 
not consulted during the Phase I pilot project. Also, 
flagging lands with possible historical disturbance, 
which is dependent on these historical sources, was 
not conducted during Phase I. Finally, the differences 
in waterbody removal parameters could not be 
addressed at this time because of the inconsistent 
manual removal of water bodies during mapping. 
Because addressing all of these issues requires a visual 
review of each square mile, they cannot be rectified 
until future revisions of the Prairie Coteau Landscape 
undisturbed lands data occur. 
Results
Overall, we developed five specific GIS feature 
classes as we evaluated the occurrence of potentially 
undisturbed land within the eastern South Dakota 
region as discussed in this report. Names and 
descriptions of those files can be found in Table 2. 
Tables 18-21 include specific data for all landscapes 
evaluated. 
Potentially Undisturbed Land (Grasslands and 
Woodlands)
Overall, we evaluated 22,646,780 acres (35,386 mi2), 
comprising the 44 counties of South Dakota east of 
the Missouri River, for potentially undisturbed land. The 
evaluation of eastern South Dakota was accomplished 
in three distinct project phases (Phase I Prairie Coteau 
[all or portions of 17 counties], Phase III Missouri 
Coteau [9 counties], and Phase IV [all remainder 
counties and areas not completed in phases I and III]).
County size (land and water) varies dramatically 
in eastern South Dakota from Brown, Spink and 
Hand Counties at about 1 million acres each to 
Union, Davison, Hanson, Douglas, and Clay at under 
300,000 acres each. Therefore, county size must 
be acknowledged when interpreting the impact of 
disturbed and undisturbed land at the county level 
(Table 3). 
Overall, 5,488,025 (24.2%) of eastern SD is deemed 
to be potentially undisturbed land. Of this total 
acreage, 5,370,928 acres (97.9%) are categorized 
as undisturbed grassland while 117,097 acres 
(2.1%) are categorized as undisturbed woodlands 
(Figure 7). Counties with the greatest acreage of 
undisturbed grasslands are generally located in the 
western portions of eastern South Dakota between 
the James River and the Missouri River (which 
includes the Missouri Coteau landscape). However, 
several northeast South Dakota counties with area 
in the Prairie Coteau landscape also have significant 
occurrence of undisturbed grasslands and woodlands 
when compared to all other counties. 
When compared against total county size (land and 
water), Buffalo County ranks highest at 61.6% of its 
land base being likely undisturbed habitat. However, 
at over 300,000 acres each, McPherson and Hand 
counties offer the greatest total undisturbed acreage 
within the county boundary (Table 4). Clay County 
has the least amount of undisturbed land both in total 
acres and percent of area at 17,858 acres and 6.7% 
respectively. 
Undisturbed grassland acres comprise the majority of 
the total amount of undisturbed land acres in eastern 
South Dakota and within most counties (Table 5). 
Thirty-four of the 44 counties evaluated have greater 
than 95% of their total undisturbed acres categorized 
as undisturbed grasslands. In the three counties 
of Edmunds, Aurora, and Miner, essentially 100% 
of undisturbed land is comprised of grasslands. 
McPherson County has the greatest number of total 
undisturbed grassland acres at 341,262 acres while 
Union County has the least at 12,404 acres. 
Undisturbed woodlands, while not as extensive 
as grasslands, are an important component of the 
total undisturbed land in 10 eastern South Dakota 
counties when considering total wooded acres 
(Table 6). Overall, southeastern counties along the 
Big Sioux and Missouri Rivers such as Union, Clay, 
Yankton, Lincoln, Bon Homme, Minnehaha, and 
Charles Mix Counties have the greatest percentage 
of undisturbed woodlands. Of these, Charles Mix and 
Yankton counties have relatively high total woodland 
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Table 4:  Total  percent of potential ly undisturbed land 
area ranked by county. (See Table 18 for superscript 
classif ication).
Page 23 
iGrow.org  |  A Service of SDSU Extension  |  © 2016, South Dakota Board of Regents
 | natural resources
Table 5:  Potential ly undisturbed grassland acres 




















































































































Table 6:  Potential ly undisturbed woodland acres 
ranked by county (See Table 18 for superscript 
classif ication).
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Figure 7: Eastern South Dakota: General extent of potentially undisturbed lands as of 2013.
Page 25 
iGrow.org  |  A Service of SDSU Extension  |  © 2016, South Dakota Board of Regents
 | natural resources
acreage (primarily due to eastern red cedar along the 
Missouri River), while Union County has the highest 
percentage of woodlands at 42.6% of total undisturbed 
land (due primarily to forests along the Big Sioux and 
Missouri rivers). Counties in the northeast also have 
relatively high total acres categorized as undisturbed 
woodlands (due primarily to hardwood forests along 
the eastern slope of the Prairie Coteau). Roberts, 
Marshall, and Grant counties have higher total amounts 
of woodlands, but also large amounts of grasslands, 
so the percent of total undisturbed classified as 
woodlands is relatively lower than most southeastern 
counties. 
Protection Status of Undisturbed Lands
Within the total 22.6 million acre eastern South 
Dakota evaluation area, 5,488,025 acres (24.2%) 
are determined to be likely undisturbed grasslands 
and woodlands. Within this same area, 1,384,982 
acres (6.1%) are determined to have some level of 
permanent protection from conversion to other uses 
from their current grassland or woodland state. It 
is important to note that not all protected acres are 
undisturbed, nor are all undisturbed acres protected. 
Therefore, the greatest conservation benefit is derived 
where undisturbed and protected acres overlap, as 
represented in our ‘protected undisturbed’ data layer. 
Through intersecting protected and undisturbed 
lands, we determined that there are 962,734 acres 
in eastern South Dakota that are both ‘undisturbed’ 
and ‘protected’ as of 2013. The 962,734 acres only 
represent 17.5% of the total undisturbed land base. 
However, those same acres account for 69.5% of all 
protected acres. Put another way, roughly 7 of every 
10 acres that have ‘protection’ status in eastern South 
Dakota are likely undisturbed habitat. 
Protection of undisturbed land can vary greatly when 
evaluated at a county level due to federal, state, and 
NGO activity and overall landscape position. Relatively 
greater protection effort tends to occur in areas where 
there is generally more undisturbed habitat available 
to protect. McPherson County leads all counties in 
relation to total protected acres and the percent of 
the county area that is protected (Table 7). When 
the overlapping protected and undisturbed acres 
are compared to total undisturbed acres within each 
county, McPherson continues to rank highest at over 
120,000 overlapping acres. However, Faulk county has 
the greatest ratio of undisturbed acres that are also 
protected at 47.7% (Table 8). 
When overlapping protected and undisturbed acres are 
compared against the total number of protected acres 
in each county, Faulk county again ranks highest at 
89.7%. In other words, nearly 9 of every 10 protected 
acres in Faulk county is likely undisturbed (native) 
habitat (Table 9).
Finally, we evaluated the relative ratio of overlapping 
protected and undisturbed acres against the total 
county area. Here, McPherson County ranks highest 
at 16.5%, while Clay County ranks last with only 77 
acres both protected and undisturbed (essentially 
0.0%) (Table 10). Figures 8 and 9 show all lands with 
permanent protection and the overlapping protected 
and undisturbed lands, respectively, compared to total 
potentially undisturbed land.
Impact of Non-Protected State, Federal, and 
Tribal Ownership on Protected Land Analysis
The combined contribution of potentially undisturbed 
land owned and managed by the State in eastern 
South Dakota under the Office of School and Public 
Lands and the Department of Game, Fish, and Parks 
can be both locally and regionally significant. In 
contrast to our previous reports for the portions of 
eastern South Dakota completed in Phases I and III, 
we have now removed all eastern South Dakota State-
owned lands from the ‘protected’ category due to lack 
of legislative or internal policy that offers these lands 
permanent protection (as described in analysis Step 7 
in the Methods section of this report). 
At 234,951 acres, State-owned undisturbed lands 
represent a relatively small percentage (4.3%) of the 
5,488,025 total acres of undisturbed (native) acres in 
eastern South Dakota. Arguably, these lands are at a 
relatively low risk for conversion to other uses. The 
South Dakota office of School and Public Lands has a 
general moratorium on conversion of SDSPL-owned 
grassland acres to cropland or other uses. This policy 
is at the discretion of the Commissioner of SDSPL. 
Likewise, SDGFP while generally not in the business 
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of converting native lands, does not have any formal 
policy regarding management of native lands, thus 
conversion of these lands is not impossible under 
certain circumstances. While not a large percentage of 
the total, the general lack of formal or legal protection 
for State-owned lands may impact the public’s 
perception regarding the State’s commitment to the 
long-term protection of native habitat resources. Table 
21 synthesizes all ownership information for both 
State agencies. Figures 8 and 9 show total State land 
ownership and overlapping undisturbed State-owned 
lands, respectively, differentiated in red from other 
protected and protected undisturbed lands. 
South Dakota School and Public Lands
Of the 145,681 acres owned and managed by SDSPL 
in eastern SD, 134,444 acres are designated as 
undisturbed (92.3% native habitat). While this area 
only represents 2.4% of the total undisturbed acres 
in eastern South Dakota, these lands do represent 
somewhat significant local amounts of undisturbed 
land in certain counties, especially Potter and Sully 
Counties. Indeed, the 17 counties where SDSPL owns 
property coincides with the regions of eastern South 
Dakota that harbor the majority of the undisturbed 
lands, primarily west of South Dakota Hwy 25 and 
north of Interstate 90. The reality that the majority of 
SDSPL are undisturbed (native habitat) is important 
to protecting intact grassland habitats and reducing 
potential future fragmentation. 
South Dakota Department of Game, Fish, and 
Parks 
Of the 235,844 acres owned and managed by SDGFP 
in eastern SD, 100,507 acres are designated as 
undisturbed (42.6% native habitat). While this area 
only represents 1.8% of the total undisturbed acres 
in eastern South Dakota, the reality that a significant 
portion of SDGFP lands are undisturbed (native 
habitat) is also important to protecting intact grassland 
habitats and reducing potential future fragmentation. 
Further, SDGFP owns and manages land in 43 of the 
44 eastern South Dakota counties (excluding Douglas 
County), and within each county at least a portion 
of SDGFP land is designated as undisturbed, giving 
SDGFP a great platform to influence the public’s 
perception of the value of native habitats throughout 
eastern South Dakota. 
Tribal and Bureau of Indian Affairs Lands
Bureau of Indian Affairs (BIA) and Tribal ownership can 
be locally significant in eastern South Dakota within 
several counties. The Crow Creek, Yankton, Sisseton-
Wahpeton Oyate, and Flandreau tribal trust lands and 
associated BIA owned lands positively impact the 
undisturbed lands totals in those regions. However, 
similar to the State of South Dakota owned lands in 
the preceding paragraphs, tribal and BIA lands cannot 
be categorized as protected. Furthermore, spatial 
coverages for tribal trust and BIA ownership within 
individual reservations could not be readily acquired. It 
would be inaccurate to categorize total undisturbed and 
protected land acreage within reservation boundaries 
under a single ownership since tribal, BIA, and private 
ownership exists within many reservations. Conducting 
a more detailed analysis of undisturbed lands within 
reservation boundaries could be easily achieved by 
individual tribal governments using our potentially 
undisturbed lands layer. 
Bureau of Land Management
Bureau of Land Management BLM property is minimal 
in eastern South Dakota, with only 523 acres occurring 
in Brule County. While this BLM land does overlap with 
the undisturbed grassland and woodland layers (the 
entirety of the 523 is undisturbed land in the Missouri 
River breaks), we did not include it with the analysis 
of other agency or protected lands, since it is an 
isolated tract and BLM land would not be considered 
‘protected’ based on our protection criteria. Figures 8 
and 9 include the 523 acres of BLM land in the Non-
Protected Public Lands layer. 
Farm Service Agency Common Land Unit 
Cropland and Other Disturbed Land Results
FSA CLU Designated Cropland
Land with a cropping history under the Farm Service 
Agency (FSA) Common Land Unit (CLU) criteria 
described in the Methods section of this report was 
identified and removed as we evaluated the landscape 
for undisturbed land. Within the approximately 22.6 
million-acre analysis area, we identified over 14.9 
million acres of land with a proven cropping history 
via the CLU-designated cropland designation codes, 
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Table 7:  Total  protected acres ranked by county (See 




















































































































Table 8:  Undisturbed acres that are protected ranked 
by percent by county (See Table 20 for superscript 
classif ication).
Page 28 
iGrow.org  |  A Service of SDSU Extension  |  © 2016, South Dakota Board of Regents
 | natural resources
Table 9:  Protected acres that are undisturbed ranked 


















































































































Table 10: Protected and undisturbed acres ranked by 
percent of total  county land area (See Table 20 for 
superscript classif ication).
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Figure 8: Eastern South Dakota: location of all undisturbed lands with all protected lands (including public ownership and private 
easements), and other non-protected public lands (SDSPL, SDGFP, and BLM).
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Figure 9: Eastern South Dakota: Location of only those protected lands (including public ownership and private easements) and other 
non-protected public lands (SDSPL, SDGFP, and BLM) that are potentially undisturbed.
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accounting for 65.9% of the total eastern South Dakota 
land area. 
At nearly 830,000 acres of CLU-designated cropland, 
Brown County exceeds all other counties in total acres 
with a proven cropping history. However, Clay County 
records show a cropping history on 84.5% of its land 
base, making it the county with the highest cropping 
ratio (Table 11). 
As stated in the methods section of this report, we 
accepted FSA CLU cropland indicators as measured 
data, and removed lands with a cropping history. 
Overall, while we identified several instances of 
apparently historic cropland with a non-crop indicator in 
the CLU system, we found very few instances where 
the opposite occurred and the undisturbed (native) 
land was mislabeled as cropland according to the CLU 
Classification Code. Figure 10 illustrates an example 
of this rare mislabeling found in Campbell County. 
Generally, the 3-CM Cropland Indicator was more 
reliable than the Classification Code. 




















Clay 266,651 225,213 84.5%
Turner 395,067 326,969 82.8%
Union 298,959 245,364 82.1%
Lake 367,942 293,906 79.9%
Lincoln 370,310 295,042 79.7%
McCook 369,238 291,505 78.9%
Spink 965,715 760,196 78.7%
Moody 333,518 262,386 78.7%
Hutchinson 520,911 409,409 78.6%
Hanson 278,646 215,111 77.2%
Douglas 277,638 209,135 75.3%
Brown 1,107,146 829,699 74.9%
Hamlin 344,191 257,657 74.9%
Davison 279,344 205,742 73.7%
Brookings 515,024 377,812 73.4%
Miner 365,887 262,905 71.9%
Bon Homme 371,819 266,261 71.6%
Kingsbury 552,499 391,881 70.9%
Yankton 339,030 238,143 70.2%
Clark 619,036 434,124 70.1%
Minnehaha 520,746 364,031 69.9%
Sully 684,613 475,125 69.4%
Grant 440,242 297,068 67.5%
Beadle 808,901 544,483 67.3%
Codington 458,789 304,023 66.3%
Edmunds 736,156 476,194 64.7%
Day 698,013 448,752 64.3%
Deuel 407,511 258,076 63.3%
Roberts 726,494 458,911 63.2%
Sanborn 364,688 229,459 62.9%
Potter 574,608 353,464 61.5%
Charles Mix 735,551 450,177 61.2%
Faulk 643,127 391,254 60.8%
Aurora 455,663 273,490 60.0%
Marshall 566,512 332,753 58.7%
Hand 920,991 522,205 56.7%
Brule 541,320 299,073 55.2%
Walworth 475,989 255,464 53.7%
Campbell 493,336 261,495 53.0%
Hughes 511,859 265,935 52.0%
Jerauld 340,612 172,799 50.7%
McPherson 736,590 345,493 46.9%
Hyde 554,187 245,725 44.3%
Buffalo 311,708 98,263 31.5%
Total 22,646,780 14,922,173 65.9%
Table 11: FSA CLU-designated cropland ranked by 
percent of county (See Table 18 for superscript 
classif ication).
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Other Disturbance
Along with assessment of the FSA CLU cropping 
history, we assessed the landscape for additional 
disturbances (see Methods section, Table 1). Over 
1.5 million acres of additional land disturbances are 
identified in eastern South Dakota comprising a total of 
6.9% of the total area. 
Minnehaha County, with its large areas of urban 
development, has both the most total additional 
disturbance area, at over 93,000 acres, as well as the 
highest overall percentage of additional disturbance 
acres (17.9% of the county) (Table 12). Essentially, 
these acres are the crux of our analysis and required 
the step by step landscape evaluation process 
described in Step 2 of the Methods section in this 
report 
When FSA CLU cropping history and additional land 
disturbances are combined, the total land disturbance 
for eastern South Dakota is nearly 16.5 million acres 
(72.8% of the land area). Brown County still proves 
to have the greatest total area of disturbance at over 
900,000 acres, while four southeast South Dakota 
counties each have a disturbance impact of over 90% 
(Lincoln, Clay, Union, and Turner [Table 13 and Figure 
11]).
Lakes and Wetlands
The methodology for the removal of lakes larger 
than 40 acres was described in detail in Step 6 in the 
methods section of this report. Although only 9.6% of 
the individual SDGFP Statewide Water Bodies within 
the project extent are greater than 40 acres, those 
same water bodies represented 74.6% of the total 
water surface area (not coincident with CLU cropland). 
Stated another way, about one quarter of water surface 
area, chiefly from small seasonal ponds and wetlands, 
was retained within the potentially undisturbed 
grassland and woodland data within the total project 
extent. 
Land and Water Area Analysis (Impacts of Water 
Bodies Larger than 40 Acres)
Table 14 identifies large water bodies (>40 acres) 
that were removed from the analysis of undisturbed 
land (see Step 6 of the Analysis Procedures in the 
Methods section of this report). We evaluated CLU 
Table 12: Addit ional land disturbance impacts ranked 



















Minnehaha 520,746 93,353 17.9%
Lincoln 370,310 47,439 12.8%
Davison 279,344 29,798 10.7%
Union 298,959 29,604 9.9%
Codington 458,789 44,265 9.6%
Brookings 515,024 49,555 9.6%
Yankton 339,030 30,684 9.1%
Moody 333,518 26,451 7.9%
Turner 395,067 31,281 7.9%
Lake 367,942 28,754 7.8%
Clay 266,651 20,596 7.7%
Hamlin 344,191 26,570 7.7%
Douglas 277,638 21,342 7.7%
McCook 369,238 28,042 7.6%
Deuel 407,511 30,062 7.4%
Grant 440,242 32,263 7.3%
Beadle 808,901 58,729 7.3%
Brown 1,107,146 79,834 7.2%
Hanson 278,646 20,084 7.2%
Brule 541,320 38,223 7.1%
Bon Homme 371,819 26,082 7.0%
Sanborn 364,688 25,357 7.0%
Marshall 566,512 39,254 6.9%
Day 698,013 47,600 6.8%
Kingsbury 552,499 37,543 6.8%
Jerauld 340,612 22,889 6.7%
Miner 365,887 24,525 6.7%
Roberts 726,494 48,502 6.7%
Hutchinson 520,911 34,500 6.6%
Charles Mix 735,551 47,481 6.5%
Aurora 455,663 29,365 6.4%
Hughes 511,859 31,753 6.2%
Edmunds 736,156 44,919 6.1%
Clark 619,036 37,024 6.0%
Faulk 643,127 35,437 5.5%
Spink 965,715 50,461 5.2%
Hand 920,991 48,007 5.2%
Walworth 475,989 24,219 5.1%
Campbell 493,336 24,022 4.9%
McPherson 736,590 34,150 4.6%
Potter 574,608 25,822 4.5%
Hyde 554,187 24,618 4.4%
Sully 684,613 25,586 3.7%
Buffalo 311,708 10,442 3.3%
Total 22,646,780 1,566,487 6.9%
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Table 14: Occurrence of large water bodies ranked 

























Day 698,013 82,144 11.8%
Sully 684,613 45,289 6.6%
Hughes 511,859 40,010 7.8%
Kingsbury 552,499 38,156 6.9%
Charles Mix 735,551 35,263 4.8%
Clark 619,036 32,008 5.2%
Codington 458,789 31,219 6.8%
Marshall 566,512 30,991 5.5%
Campbell 493,336 28,602 5.8%
Potter 574,608 26,701 4.6%
Walworth 475,989 26,445 5.6%
Roberts 726,494 26,118 3.6%
Hamlin 344,191 23,914 6.9%
Brown 1,107,146 22,628 2.0%
Brule 541,320 21,485 4.0%
McPherson 736,590 15,515 2.1%
Edmunds 736,156 12,600 1.7%
Bon Homme 371,819 11,911 3.2%
Lake 367,942 11,363 3.1%
Buffalo 311,708 11,064 3.5%
Brookings 515,024 10,706 2.1%
Hand 920,991 10,150 1.1%
Deuel 407,511 8,893 2.2%
Aurora 455,663 6,948 1.5%
Yankton 339,030 6,875 2.0%
Spink 965,715 6,617 0.7%
Beadle 808,901 6,570 0.8%
Faulk 643,127 5,963 0.9%
Hyde 554,187 5,187 0.9%
Minnehaha 520,746 4,597 0.9%
Miner 365,887 3,502 1.0%
Grant 440,242 3,411 0.8%
Clay 266,651 2,984 1.1%
McCook 369,238 2,805 0.8%
Union 298,959 2,376 0.8%
Jerauld 340,612 2,257 0.7%
Sanborn 364,688 1,472 0.4%
Hanson 278,646 1,341 0.5%
Moody 333,518 988 0.3%
Douglas 277,638 906 0.3%
Davison 279,344 778 0.3%
Hutchinson 520,911 748 0.1%
Turner 395,067 414 0.1%
Lincoln 370,310 183 0.0%





















Lincoln 370,310 342,481 92.5%
Clay 266,651 245,809 92.2%
Union 298,959 274,968 92.0%
Turner 395,067 358,250 90.7%
Minnehaha 520,746 457,384 87.8%
Lake 367,942 322,661 87.7%
Moody 333,518 288,837 86.6%
McCook 369,238 319,546 86.5%
Hutchinson 520,911 443,909 85.2%
Hanson 278,646 235,195 84.4%
Davison 279,344 235,540 84.3%
Spink 965,715 810,657 83.9%
Douglas 277,638 230,477 83.0%
Brookings 515,024 427,367 83.0%
Hamlin 344,191 284,227 82.6%
Brown 1,107,146 909,533 82.2%
Yankton 339,030 268,827 79.3%
Bon Homme 371,819 292,344 78.6%
Miner 365,887 287,430 78.6%
Kingsbury 552,499 429,423 77.7%
Clark 619,036 471,147 76.1%
Codington 458,789 348,288 75.9%
Grant 440,242 329,331 74.8%
Beadle 808,901 603,212 74.6%
Sully 684,613 500,711 73.1%
Day 698,013 496,352 71.1%
Edmunds 736,156 521,113 70.8%
Deuel 407,511 288,139 70.7%
Sanborn 364,688 254,816 69.9%
Roberts 726,494 507,413 69.8%
Charles Mix 735,551 497,658 67.7%
Aurora 455,663 302,855 66.5%
Faulk 643,127 426,691 66.3%
Potter 574,608 379,286 66.0%
Marshall 566,512 372,008 65.7%
Brule 541,320 337,296 62.3%
Hand 920,991 570,212 61.9%
Walworth 475,989 279,683 58.8%
Hughes 511,859 297,687 58.2%
Campbell 493,336 285,517 57.9%
Jerauld 340,612 195,687 57.5%
McPherson 736,590 379,643 51.5%
Hyde 554,187 270,344 48.8%
Buffalo 311,708 108,705 34.9%
Total 22,646,780 16,488,661 72.8%
Table 13: Total  disturbance history (FSA CLU-
designated cropland and other land disturbances) 
ranked by percent of county (See Table 18 for 
superscript classif ication).
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Figure 11: Eastern South Dakota: Extent of all cropland and other disturbed land as of 2013
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cropland, disturbed areas, and undisturbed areas 
against the county land areas both with and without 
large water bodies (after removing CLU cropland from 
the water bodies layer) to determine if acres of water 
had a significant impact on the interpretation and/or 
perception of undisturbed land area. The justification 
for this analysis was based on the difference that large 
water bodies could have in counties with relatively 
few large water acres such as Lincoln County (183 
acres, 0.0%) versus counties with a great deal of water 
coverage such as Day County (82,144 acres, 11.8%). 
While it is important to consider the impact of large 
water bodies on the interpretation of various data 
categories, we found that the overall impact of large 
water bodies on the interpretation of undisturbed land 
or other land-based categories was minor for most 
counties and for eastern South Dakota as a whole. As 
an example, undisturbed land accounted for 24.2% of 
the total area of Eastern South Dakota (column X, Table 
18). When large water bodies were removed from the 
area comparison, the result was an increase to 25% 
(0.8% difference) of the landscape (column Y, Table 
18). 
Landscape Refinement Measure
If one were to rely solely on the FSA CLU cropland 
coded tracts as a means of estimating the amount 
of undisturbed land in eastern South Dakota without 
considering large water bodies and other types of 
disturbance the result would be an estimate of about 
7,724,607 acres of undisturbed land remaining. 
In contrast, by removing large water bodies and 
evaluating all other disturbances to the land, we 
estimate the maximum area of undisturbed land 
remaining is about 5,488,025 acres, a difference of 
2,236,582 acres – an area larger than our two largest 
eastern South Dakota counties combined (Brown and 
Spink). 
We developed the Landscape Refinement Measure 
as a means to quantify the impact of our analysis 
on the general understanding of the eastern South 
Dakota landscape beyond what could simply be 
estimated by analysis based solely on the FSA 
CLU cropland designated acres. We compared 
our undisturbed acreage total after all large water 
bodies and disturbances were removed to the above 
Table 15: Landscape refinement measure ranked by 
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estimated undisturbed area based only on the removal 
of FSA CLU cropland acres from the landscape. The 
overall result for eastern South Dakota was a 29.0% 
‘refinement’ in our understanding of the composition 
of acres not categorized as CLU cropland coded acres 
(Table 15). In counties with relatively few undisturbed 
acres compared to relatively high additional 
disturbances such as cities, roads, unrecorded crop 
acres, etc., refinement factors were much higher 
than in those counties still dominated by undisturbed 
land. For instance, Lincoln County had a landscape 
refinement measure of 63.3% while Hyde County’s 
landscape refinement measure was only 9.7%. 
Go-Back Acres and Other Areas of ‘Uncertain’ 
Land Use History
It is important to note that within our undisturbed 
layers there is a possibility that certain individual tracts 
could have a historic cropping or tillage history that 
is difficult to detect with the imagery or with other 
land use data. These areas are commonly known 
as ‘go-back’ pasture or hay land acres. An example 
would be a land tract that might have been farmed or 
a tillage attempt made decades ago. In some cases, 
these tracts are easily defined via the imagery and 
can be confidently removed from the undisturbed 
layer. These tracts may not have been enrolled in 
any type of government farm program and thus may 
not have been tracked through any formal system. In 
some cases, government led ‘rangeland improvement’ 
practices occurred where native grasslands soils were 
mechanically manipulated as an attempt to improve 
water infiltration and/or forage production. Overall, the 
condition and vegetative cover of any go-back area 
today is unpredictable, as they may be vegetated with 
varying degrees of quality, structure, and diversity of 
native, tame and exotic species. 
Go-back tracts were consistently evaluated during 
Phases III and IV, and were not consistently identified 
during the Phase I pilot study. In addition, analysis 
procedures for identifying go-back tracts were 
modified between Phases III and IV, resulting in a more 
refined process and thus more accurate product during 
Phase IV. Therefore, we report the go-back impact for 
each phase separately here. A full description of how 
go-back land tracts were evaluated can be found in 
Step 3 of the Analysis Procedures under the Methods 
section of this report. Figure 12 illustrates how go-back 
acres were classified and tracked when disturbance 
history was uncertain. 
In the areas of Prairie Coteau counties completed 
during the Phase I pilot project, some isolated 
lands were identified as possible go-back fields and 
subsequently flagged. These lands came to a total of 
2,904 acres, with 1,617 of these acres occurring on 
permanently protected lands. The high percentage of 
possible go-back lands in this area that are deemed 
protected reflects the fact that protected lands owned 
by the US Fish & Wildlife Service and The Nature 
Conservancy were reviewed more thoroughly than 
others when reviewing this data.
During Phase III, we evaluated the entirety of nine 
counties (~5.8 million acres) located in the northern 
portions of South Dakota’s Missouri Coteau region 
for the occurrence of go-back acres. We identified 
over 2 million acres of potentially undisturbed land 
in that region using a scale of 1:8,000. Of the acres 
Figure 12: Eastern South Dakota: Example of acres with 
uncertain disturbance history.
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designated as potentially undisturbed in the Phase III 
analysis area, only 35,908 acres (1.8%) are likely go-
back acres with an uncertain disturbance history (as 
identified using a scale of 1:50,000). Over 450,000 
acres of the 5.8 million undisturbed acres in this region 
are considered protected from future conversion, 
and 21,324 of these protected undisturbed acres are 
classified as likely go-back acres (4.7%). McPherson 
and Faulk Counties have the highest go-back acreage 
in this region at over 6,000 acres each, while Walworth 
County has the highest overall percentage of its 
protected undisturbed land classified as go-back 
(9.7%). See Table 16 and Figure 13 for county level go-
back information for Phase III. 
During Phase IV, we evaluated all or portions of 
31 eastern South Dakota counties comprising 
approximately 11.4 million acres for the occurrence 
of go-back acres. We identified nearly 2.4 million 
acres of potentially undisturbed land in this region 
using a scale of 1:8,000. Of the acres identified as 
potentially undisturbed in the Phase IV analysis area, 
176,169 acres (7.4%) are likely go-back acres with an 
uncertain disturbance history (also identified using 
a scale of 1:8,000). Over 260,000 acres of the 2.4 
million undisturbed acres in this region are considered 
protected from future conversion, and 60,144 acres 
of these protected undisturbed acres are classified as 
likely go-back acres (23.1%). With over 30,000 of its 
undisturbed acres identified as potential go-back acres, 
Brown County leads all others in this analysis, while 
Roberts County has the highest overall percentage of 
its protected undisturbed land classified as go-back 
(35.0%). 
Twelve of 31 counties analyzed in Phase IV have 
greater than 20% (1 in 5) of their undisturbed protected 
acres also deemed as possible go-back land: Roberts, 
Union, Marshall, Brown, Grant, Charles Mix, Sanborn, 
Spink, McCook, Jerauld, Davison, and Buffalo. Of 
these, twelve counties were not fully evaluated due 
to a portion of the county area being included in the 
Phase I pilot project for the Prairie Coteau region: 
Brown, Spink, Kingsbury, Miner, Marshall, McCook, 
Roberts, Grant, Clark, Minnehaha, Deuel, Lake, 
and Day. Thus the go-back totals in those counties 
are likely greater than reported here. These results 
are not completely surprising given that when land 
receives permanent protection status, via easements 
or when land is purchased by a conservation agency 
or entity, often the FSA CLU crop history records 
are re-classified from a crop category to a non-crop 
category. This re-classification leaves little proof of the 
true history of the land. See Table 17 and Figure 13 for 
county level go-back information for Phase IV. 
Table 16: Phase I I I ,  Missouri  Coteau: Impact of go-back acres ranked by county, with walworth county having 

















































































McPherson 736,590 100% 341,433 100% 121,838 14,073 6,444 4.1% 5.3%
Hand 920,991 100% 340,629 100% 56,242 2,348 1,183 0.7% 2.1%
Hyde 554,187 100% 278,656 100% 33,036 1,309 437 0.5% 1.3%
Faulk 643,127 100% 210,474 100% 100,317 6,699 6,183 3.2% 6.2%
Edmunds 736,156 100% 202,443 100% 76,402 5,843 3,833 2.9% 5.0%
Campbell 493,336 100% 179,217 100% 22,769 1,509 725 0.8% 3.2%
Walworth 475,989 100% 169,861 100% 15,349 2,301 1,489 1.4% 9.7%
Potter 574,608 100% 168,621 100% 20,548 1,667 970 1.0% 4.7%
Sully 684,613 100% 138,613 100% 6,131 157 60 0.1% 1.0%
Total - Phase III 5,819,597 100% 2,029,947 100% 452,633 35,908 21,324 1.8% 4.7%
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Table 17: Phase IV, remainder of Eastern SD (excluding Prairie Coteau):  Impact of go-back land ranked 
by percent of undisturbed land classif ied as go-back in county, with Roberts County having the highest 
















































































Aurora 455,663 100% 145,861 100% 32,972 10,466 4,726 7.2% 14.3%
Beadle 808,901 100% 199,119 100% 31,617 15,001 6,155 7.5% 19.5%
Bon Homme 371,819 100% 67,564 100% 635 672 8 1.0% 1.2%
Brown 1,065,037 96% 168,944 97% 46,770 30,085 14,522 17.8% 31.1%
Brule 541,320 100% 182,539 100% 11,904 9,671 783 5.3% 6.6%
Buffalo 311,708 100% 191,939 100% 8,964 6,982 1,917 3.6% 21.4%
Charles Mix 735,551 100% 202,631 100% 5,307 6,905 1,565 3.4% 29.5%
Clark 41,001 7% 6,014 5% 0 428 0 7.1% 0.0%
Clay 266,651 100% 17,858 100% 77 1,140 0 6.4% 0.0%
Davison 279,344 100% 43,026 100% 901 1,014 198 2.4% 21.9%
Day 12,618 2% 1,120 1% 0 37 0 3.3% 0.0%
Deuel 10,530 3% 1,438 1% 161 119 6 8.3% 3.5%
Douglas 277,638 100% 46,255 100% 3,819 1,666 711 3.6% 18.6%
Grant 220,988 50% 18,906 18% 1,123 570 336 3.0% 30.0%
Hanson 278,646 100% 42,111 100% 2,137 1,330 187 3.2% 8.7%
Hughes 511,859 100% 174,162 100% 4,305 10,478 324 6.0% 7.5%
Hutchinson 520,911 100% 76,253 100% 619 2,126 75 2.8% 12.2%
Jerauld 340,612 100% 142,668 100% 21,574 16,257 5,198 11.4% 24.1%
Kingsbury 195,879 35% 43,293 51% 6,895 7,981 1,335 18.4% 19.4%
Lake 43,529 12% 6,331 19% 812 44 5 0.7% 0.7%
Lincoln 370,310 100% 27,646 100% 250 1,129 14 4.1% 5.7%
Marshall 242,845 43% 25,723 16% 10,977 4,935 3,638 19.2% 33.1%
McCook 339,207 92% 40,771 87% 3,200 4,008 815 9.8% 25.5%
Miner 362,657 99% 74,831 100% 12,800 6,777 2,517 9.1% 19.7%
Minnehaha 49,849 10% 3,552 6% 0 141 0 4.0% 0.0%
Roberts 524,183 72% 75,982 39% 4,551 3,965 1,593 5.2% 35.0%
Sanborn 364,688 100% 108,400 100% 32,316 14,735 9,302 13.6% 28.8%
Spink 817,753 85% 122,601 83% 13,505 12,450 3,560 10.2% 26.4%
Turner 395,067 100% 36,404 100% 694 963 89 2.6% 12.9%
Union 298,959 100% 21,614 100% 1,576 2,558 549 11.8% 34.8%
Yankton 339,030 100% 63,328 100% 263 1,537 16 2.4% 6.2%
Total - Phase IV 11,394,756 75% 2,378,886 74% 260,726 176,169 60,144 7.4% 23.1%
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Figure 13: Eastern South Dakota: Extent of all go-back land tracts identified in Phases III and IV.
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Interpreting Tables 18-21
Tables 18 through 21 below include the majority of the 
landscape statistics already reported here. Tables are 
arranged alphabetically by county and include formula 
descriptions and clarifying footnotes where needed. 
Information included in previous tables in the body 
of this report are taken directly from the main charts 
below and were simply re-arranged to show data as 
per the discussion of results. 
The tables are intended to give full explanation to our 
findings and to assist government, non-government, 
tribal, or other agencies to refine or target their land 
management programs, including protection or 
conservation activities on private and public lands. 
Table 18: Cropping history, other disturbance, and 
potentially undisturbed land
Table 18 gives a total overview of the eastern South 
Dakota landscape by county. Columns deserving some 
additional explanation are as follows:
Columns D, E, F, G, I, J, L, M, Q, R, X, Y: These 
columns deal with the impact of large water bodies on 
interpretation of the total distribution of disturbed and 
undisturbed land when compared to the total county 
area (all land and water within a county legal boundary) 
versus comparing disturbed and undisturbed land to 
the actual land base of the county (excluding large 
water bodies not coincident with CLU cropland). 
For example, a hypothetical county with 50% of its 
legal area covered with large water bodies and the 
remaining land completely retained as undisturbed 
(native grassland) could be interpreted two different 
ways. The first, when taking into account all legal 
county acres, would conclude that 50% of the county 
is comprised of undisturbed grasslands. However, 
the second interpretation describing that 100% of 
the county land area is undisturbed is likely a more 
accurate description, but may be misconstrued by an 
observer unaware of the water’s extent within the 
legal boundary. Generally, in eastern South Dakota, 
save for a few counties in the northeast and along the 
Missouri River, the impact of large water bodies on 
interpretation of land status was minimal. 
Table 18 is available under the ‘Table 18 County Totals’ 
tab in an Excel file (EasternSD_ResutlsChart_Final_
Master.xlsx) attached to this report
Table 19: Go-back lands with uncertain 
disturbance history
Table 19 gives a total overview of the eastern South 
Dakota go-back acres by county. Columns deserving 
some additional explanation are as follows:
Columns D, E, G, H: These columns describe 
the percent of the county and the percent of the 
undisturbed land that was included in the go-back 
analysis. As described in the methods section of the 
report, portions of counties included in the Phase I 
pilot project were not analyzed for occurrence of go-
back acres. Also, as previously noted, the method 
of analysis for go-back acres varied slightly between 
Phases III and IV. 
Table 19 is available under the ‘Table 19 Go-back 
Totals’ tab in an Excel file (EasternSD_ResutlsChart_
Final_Master.xlsx) attached to this report
Table 20: Lands protected from conversion.
Table 20 gives a total overview of the eastern South 
Dakota protected acres by county. Columns deserving 
some additional explanation are as follows:
Columns E, D, G, H, I, J: These columns no longer 
include state-owned lands (SDGFP/SDSPL). Previous 
charts produced during Phases I and III did include 
state lands, and thus Table 20 supersedes all previous 
reported totals. 
Table 20 is available under the ‘Table 20 Protected 
Lands’ tab in an Excel file (EasternSD_ResutlsChart_
Final_Master.xlsx) attached to this report
Table 21: Impact of lands owned and managed by 
the State of South Dakota 
Table 21 gives a total overview of the eastern South 
Dakota state-owned lands by county. Columns 
deserving some additional explanation are as follows:
Columns Q, R, S, T: Reflect combined totals of all SD 
Department of Game, Fish, and Parks owned/operated 
land (including both Game Production Areas and Parks 
and Recreation lands.
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Columns U, V, W, X: Reflect combined totals of all SD 
Department of Game, Fish, and Parks owned/operated 
land combined with all SD School and Public Lands 
owned land to provide a complete interpretation of 
state-owned lands. 
Table 21 is available under the ‘Table 21 State Lands’ 
tab in an Excel file (EasternSD_ResutlsChart_Final_
Master.xlsx) attached to this report.
 | natural resources
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Table 18: Eastern South Dakota Landscape Statist ics:  Cropping history, other disturbance, and potential ly undisturbed land by county.










Aurora 712 455,663 6,948 1.5% 448,715 98.5% 273,490 60.0% 60.9% 29,365 6.4% 6.5% 302,855 90.3% 9.7% 66.5% 67.5% 145,813 47 145,861 100.0% 0.0% 32.0% 32.5% 19.9%
Beadle 1,264 808,901 6,570 0.8% 802,332 99.2% 544,483 67.3% 67.9% 58,729 7.3% 7.3% 603,212 90.3% 9.7% 74.6% 75.2% 198,717 402 199,119 99.8% 0.2% 24.6% 24.8% 24.7%
Bon Homme 581 371,819 11,911 3.2% 359,908 96.8% 266,261 71.6% 74.0% 26,082 7.0% 7.2% 292,344 91.1% 8.9% 78.6% 81.2% 60,852 6,713 67,564 90.1% 9.9% 18.2% 18.8% 36.0%
Brookings 805 515,024 10,706 2.1% 504,319 97.9% 377,812 73.4% 74.9% 49,555 9.6% 9.8% 427,367 88.4% 11.6% 83.0% 84.7% 75,367 1,585 76,951 97.9% 2.1% 14.9% 15.3% 43.9%
Brown 1,730 1,107,146 22,628 2.0% 1,084,518 98.0% 829,699 74.9% 76.5% 79,834 7.2% 7.4% 909,533 91.2% 8.8% 82.2% 83.9% 174,148 837 174,984 99.5% 0.5% 15.8% 16.1% 36.9%
Brule 846 541,320 21,485 4.0% 519,835 96.0% 299,073 55.2% 57.5% 38,223 7.1% 7.4% 337,296 88.7% 11.3% 62.3% 64.9% 179,604 2,935 182,539 98.4% 1.6% 33.7% 35.1% 24.6%
Buffalo 487 311,708 11,064 3.5% 300,644 96.5% 98,263 31.5% 32.7% 10,442 3.3% 3.5% 108,705 90.4% 9.6% 34.9% 36.2% 190,113 1,826 191,939 99.0% 1.0% 61.6% 63.8% 10.1%
Campbell 771 493,336 28,602 5.8% 464,734 94.2% 261,495 53.0% 56.3% 24,022 4.9% 5.2% 285,517 91.6% 8.4% 57.9% 61.4% 178,657 561 179,217 99.7% 0.3% 36.3% 38.6% 22.7%
Charles Mix 1,149 735,551 35,263 4.8% 700,289 95.2% 450,177 61.2% 64.3% 47,481 6.5% 6.8% 497,658 90.5% 9.5% 67.7% 71.1% 187,513 15,118 202,631 92.5% 7.5% 27.5% 28.9% 29.0%
Clark 967 619,036 32,008 5.2% 587,029 94.8% 434,124 70.1% 74.0% 37,024 6.0% 6.3% 471,147 92.1% 7.9% 76.1% 80.3% 115,639 242 115,881 99.8% 0.2% 18.7% 19.7% 37.3%
Clay 417 266,651 2,984 1.1% 263,667 98.9% 225,213 84.5% 85.4% 20,596 7.7% 7.8% 245,809 91.6% 8.4% 92.2% 93.2% 12,667 5,192 17,858 70.9% 29.1% 6.7% 6.8% 56.9%
Codington 717 458,789 31,219 6.8% 427,570 93.2% 304,023 66.3% 71.1% 44,265 9.6% 10.4% 348,288 87.3% 12.7% 75.9% 81.5% 79,138 144 79,282 99.8% 0.2% 17.3% 18.5% 48.8%
Davison 436 279,344 778 0.3% 278,566 99.7% 205,742 73.7% 73.9% 29,798 10.7% 10.7% 235,540 87.3% 12.7% 84.3% 84.6% 42,185 841 43,026 98.0% 2.0% 15.4% 15.4% 41.5%
Day 1,091 698,013 82,144 11.8% 615,868 88.2% 448,752 64.3% 72.9% 47,600 6.8% 7.7% 496,352 90.4% 9.6% 71.1% 80.6% 117,571 1,945 119,516 98.4% 1.6% 17.1% 19.4% 52.1%
Deuel 637 407,511 8,893 2.2% 398,618 97.8% 258,076 63.3% 64.7% 30,062 7.4% 7.5% 288,139 89.6% 10.4% 70.7% 72.3% 109,272 1,208 110,479 98.9% 1.1% 27.1% 27.7% 26.1%
Douglas 434 277,638 906 0.3% 276,732 99.7% 209,135 75.3% 75.6% 21,342 7.7% 7.7% 230,477 90.7% 9.3% 83.0% 83.3% 46,123 131 46,255 99.7% 0.3% 16.7% 16.7% 32.5%
Edmunds 1,150 736,156 12,600 1.7% 723,556 98.3% 476,194 64.7% 65.8% 44,919 6.1% 6.2% 521,113 91.4% 8.6% 70.8% 72.0% 202,429 14 202,443 100.0% 0.0% 27.5% 28.0% 22.1%
Faulk 1,005 643,127 5,963 0.9% 637,164 99.1% 391,254 60.8% 61.4% 35,437 5.5% 5.6% 426,691 91.7% 8.3% 66.3% 67.0% 210,365 109 210,474 99.9% 0.1% 32.7% 33.0% 16.4%
Grant 688 440,242 3,411 0.8% 436,831 99.2% 297,068 67.5% 68.0% 32,263 7.3% 7.4% 329,331 90.2% 9.8% 74.8% 75.4% 100,630 6,870 107,499 93.6% 6.4% 24.4% 24.6% 24.9%
Hamlin 538 344,191 23,914 6.9% 320,277 93.1% 257,657 74.9% 80.4% 26,570 7.7% 8.3% 284,227 90.7% 9.3% 82.6% 88.7% 35,807 243 36,050 99.3% 0.7% 10.5% 11.3% 58.3%
Hand 1,439 920,991 10,150 1.1% 910,841 98.9% 522,205 56.7% 57.3% 48,007 5.2% 5.3% 570,212 91.6% 8.4% 61.9% 62.6% 339,747 881 340,629 99.7% 0.3% 37.0% 37.4% 14.6%
Hanson 435 278,646 1,341 0.5% 277,306 99.5% 215,111 77.2% 77.6% 20,084 7.2% 7.2% 235,195 91.5% 8.5% 84.4% 84.8% 41,258 852 42,111 98.0% 2.0% 15.1% 15.2% 33.7%
Hughes 800 511,859 40,010 7.8% 471,849 92.2% 265,935 52.0% 56.4% 31,753 6.2% 6.7% 297,687 89.3% 10.7% 58.2% 63.1% 172,673 1,489 174,162 99.1% 0.9% 34.0% 36.9% 29.2%
Hutchinson 814 520,911 748 0.1% 520,163 99.9% 409,409 78.6% 78.7% 34,500 6.6% 6.6% 443,909 92.2% 7.8% 85.2% 85.3% 74,110 2,144 76,253 97.2% 2.8% 14.6% 14.7% 31.6%
Hyde 866 554,187 5,187 0.9% 549,000 99.1% 245,725 44.3% 44.8% 24,618 4.4% 4.5% 270,344 90.9% 9.1% 48.8% 49.2% 278,414 242 278,656 99.9% 0.1% 50.3% 50.8% 9.7%
Jerauld 532 340,612 2,257 0.7% 338,355 99.3% 172,799 50.7% 51.1% 22,889 6.7% 6.8% 195,687 88.3% 11.7% 57.5% 57.8% 141,829 839 142,668 99.4% 0.6% 41.9% 42.2% 15.0%
Kingsbury 863 552,499 38,156 6.9% 514,344 93.1% 391,881 70.9% 76.2% 37,543 6.8% 7.3% 429,423 91.3% 8.7% 77.7% 83.5% 84,458 462 84,920 99.5% 0.5% 15.4% 16.5% 47.1%
Lake 575 367,942 11,363 3.1% 356,578 96.9% 293,906 79.9% 82.4% 28,754 7.8% 8.1% 322,661 91.1% 8.9% 87.7% 90.5% 33,565 352 33,918 99.0% 1.0% 9.2% 9.5% 54.2%
Lincoln 579 370,310 183 0.0% 370,127 100.0% 295,042 79.7% 79.7% 47,439 12.8% 12.8% 342,481 86.1% 13.9% 92.5% 92.5% 22,193 5,453 27,646 80.3% 19.7% 7.5% 7.5% 63.3%
Marshall 885 566,512 30,991 5.5% 535,521 94.5% 332,753 58.7% 62.1% 39,254 6.9% 7.3% 372,008 89.4% 10.6% 65.7% 69.5% 154,062 9,451 163,513 94.2% 5.8% 28.9% 30.5% 30.1%
McCook 577 369,238 2,805 0.8% 366,433 99.2% 291,505 78.9% 79.6% 28,042 7.6% 7.7% 319,546 91.2% 8.8% 86.5% 87.2% 46,434 452 46,886 99.0% 1.0% 12.7% 12.8% 39.7%
McPherson 1,151 736,590 15,515 2.1% 721,076 97.9% 345,493 46.9% 47.9% 34,150 4.6% 4.7% 379,643 91.0% 9.0% 51.5% 52.6% 341,262 171 341,433 99.9% 0.1% 46.4% 47.4% 12.7%
Miner 572 365,887 3,502 1.0% 362,385 99.0% 262,905 71.9% 72.5% 24,525 6.7% 6.8% 287,430 91.5% 8.5% 78.6% 79.3% 74,921 34 74,955 100.0% 0.0% 20.5% 20.7% 27.2%
Minnehaha 814 520,746 4,597 0.9% 516,149 99.1% 364,031 69.9% 70.5% 93,353 17.9% 18.1% 457,384 79.6% 20.4% 87.8% 88.6% 54,048 4,717 58,765 92.0% 8.0% 11.3% 11.4% 62.5%
Moody 521 333,518 988 0.3% 332,531 99.7% 262,386 78.7% 78.9% 26,451 7.9% 8.0% 288,837 90.8% 9.2% 86.6% 86.9% 42,335 1,359 43,694 96.9% 3.1% 13.1% 13.1% 38.6%
Potter 898 574,608 26,701 4.6% 547,907 95.4% 353,464 61.5% 64.5% 25,822 4.5% 4.7% 379,286 93.2% 6.8% 66.0% 69.2% 168,512 109 168,621 99.9% 0.1% 29.3% 30.8% 23.8%
Roberts 1,135 726,494 26,118 3.6% 700,376 96.4% 458,911 63.2% 65.5% 48,502 6.7% 6.9% 507,413 90.4% 9.6% 69.8% 72.4% 177,496 15,468 192,964 92.0% 8.0% 26.6% 27.6% 27.9%
Sanborn 570 364,688 1,472 0.4% 363,216 99.6% 229,459 62.9% 63.2% 25,357 7.0% 7.0% 254,816 90.0% 10.0% 69.9% 70.2% 107,778 622 108,400 99.4% 0.6% 29.7% 29.8% 19.8%
Spink 1,509 965,715 6,617 0.7% 959,099 99.3% 760,196 78.7% 79.3% 50,461 5.2% 5.3% 810,657 93.8% 6.2% 83.9% 84.5% 148,083 359 148,441 99.8% 0.2% 15.4% 15.5% 27.8%
Sully 1,070 684,613 45,289 6.6% 639,324 93.4% 475,125 69.4% 74.3% 25,586 3.7% 4.0% 500,711 94.9% 5.1% 73.1% 78.3% 138,509 105 138,613 99.9% 0.1% 20.2% 21.7% 33.8%
Turner 617 395,067 414 0.1% 394,654 99.9% 326,969 82.8% 82.8% 31,281 7.9% 7.9% 358,250 91.3% 8.7% 90.7% 90.8% 35,030 1,374 36,404 96.2% 3.8% 9.2% 9.2% 46.5%
Union 467 298,959 2,376 0.8% 296,583 99.2% 245,364 82.1% 82.7% 29,604 9.9% 10.0% 274,968 89.2% 10.8% 92.0% 92.7% 12,404 9,211 21,614 57.4% 42.6% 7.2% 7.3% 59.7%
Walworth 744 475,989 26,445 5.6% 449,545 94.4% 255,464 53.7% 56.8% 24,219 5.1% 5.4% 279,683 91.3% 8.7% 58.8% 62.2% 169,540 322 169,861 99.8% 0.2% 35.7% 37.8% 23.0%
Yankton 530 339,030 6,875 2.0% 332,155 98.0% 238,143 70.2% 71.7% 30,684 9.1% 9.2% 268,827 88.6% 11.4% 79.3% 80.9% 49,660 13,668 63,328 78.4% 21.6% 18.7% 19.1% 37.2%
Total 35,386 22,646,780 670,093 3.0% 21,976,686 97.0% 14,922,173 65.9% 67.9% 1,566,487 6.9% 7.1% 16,488,661 90.5% 9.5% 72.8% 75.0% 5,370,928 117,097 5,488,025 2.1% 24.2% 25.0% 29.0%
High Measure
Low Measure
County Statistics for Undisturbed5 Land in Eastern SD - 2013
2 SD Department of Game, Fish, and Parks Lakes layer (selected for water bodies > 40 acres), SD Department of Tranpsortation Missouri River layer, and Army Corps of Engineers Lake Oahe full basin layer.  Standardized protocol for removal of water bodies greater than 40 acres based on GF&P data was initiated after the Phase I pilot project.  Therefore, some areas within counties completed within the 
Prairie Coteau may have had additional water bodies of less than 40 acres removed.
General Statistics FSA CLU Crop History Other Disturbances  'Undisturbed' Grasslands and Woodlands Statistics County UndisturbedCombined Disturbance Statistics
3  2013 Farm Service Agency Common Land Unit data layer:  cropland 
1 Calculated using GIS from US Census Bureau 2002 county boundary data published by the Natural resources Conservatoin Service (2009)
4 All non-CLU cropland and disturbed lands including but not limited to:  other identified cropland, buildings sites, planted shelterbelts, municipalities, gravel pits, feedlots, roadways, large drainage ditches, railways, etc.  May include small lakes and wetlands not tallied in column I (for counties completed in Phase I - Prairie Coteau).  This column represents the results of the SDSU analysis of disturbed 
acres.
5 South Dakota State University Potentially Undisturbed Lands Analysis:  2016.  Includes all land tracts with no apparent disturbance as of 2012 (may include land tracts with historic disturbance that cannot be detected by SDSU analysis methodology.  Example:  go-back grasslands)
6 After the CLU cropland acres are removed, the remaining landscape cannot be assumed to be 'undisturbed' due to additional disturbance factors identified through our analysis (Column K).  Column Z reflects the additional 'disturbed' acres and large water bodies we removed to arrive at a final estimation of 'undisturbed' land as a percentage of all lands not removed by CLU cropland.  
High Measure in Column
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Table 19: Eastern South Dakota Landscape Statist ics:  Go-back lands with uncertain disturbance history.



































































































































Campbell 771 493,336 493,336 100% 179,217 179,217 100% 22,769 1,509 0.3% 725 0.1% 0.8% 0.4% 3.2%
Edmunds 1,150 736,156 736,156 100% 202,443 202,443 100% 76,402 5,843 0.8% 3,833 0.5% 2.9% 1.9% 5.0%
Faulk 1,005 643,127 643,127 100% 210,474 210,474 100% 100,317 6,699 1.0% 6,183 1.0% 3.2% 2.9% 6.2%
Hand 1,439 920,991 920,991 100% 340,629 340,629 100% 56,242 2,348 0.3% 1,183 0.1% 0.7% 0.3% 2.1%
Hyde 866 554,187 554,187 100% 278,656 278,656 100% 33,036 1,309 0.2% 437 0.1% 0.5% 0.2% 1.3%
McPherson 1,151 736,590 736,590 100% 341,433 341,433 100% 121,838 14,073 1.9% 6,444 0.9% 4.1% 1.9% 5.3%
Potter 898 574,608 574,608 100% 168,621 168,621 100% 20,548 1,667 0.3% 970 0.2% 1.0% 0.6% 4.7%
Sully 1,070 684,613 684,613 100% 138,613 138,613 100% 6,131 157 0.0% 60 0.0% 0.1% 0.0% 1.0%
Walworth 744 475,989 475,989 100% 169,861 169,861 100% 15,349 2,301 0.5% 1,489 0.3% 1.4% 0.9% 9.7%
Phase IV 
Aurora 712 455,663 455,663 100% 145,861 145,861 100% 32,972 10,466 2.3% 4,726 1.0% 7.2% 3.2% 14.3%
Beadle 1,264 808,901 808,901 100% 199,119 199,119 100% 31,617 15,001 1.9% 6,155 0.8% 7.5% 3.1% 19.5%
Bon Homme 581 371,819 371,819 100% 67,564 67,564 100% 635 672 0.2% 8 0.0% 1.0% 0.0% 1.2%
Brown 1,730 1,107,146 1,065,037 96% 174,984 168,944 97% 46,770 30,085 2.8% 14,522 1.4% 17.8% 8.6% 31.1%
Brule 846 541,320 541,320 100% 182,539 182,539 100% 11,904 9,671 1.8% 783 0.1% 5.3% 0.4% 6.6%
Buffalo 487 311,708 311,708 100% 191,939 191,939 100% 8,964 6,982 2.2% 1,917 0.6% 3.6% 1.0% 21.4%
Charles Mix 1,149 735,551 735,551 100% 202,631 202,631 100% 5,307 6,905 0.9% 1,565 0.2% 3.4% 0.8% 29.5%
Clark 967 619,036 41,001 7% 115,881 6,014 5% 0 428 1.0% 0 0.0% 7.1% 0.0% 0.0%
Clay 417 266,651 266,651 100% 17,858 17,858 100% 77 1,140 0.4% 0 0.0% 6.4% 0.0% 0.0%
Davison 436 279,344 279,344 100% 43,026 43,026 100% 901 1,014 0.4% 198 0.1% 2.4% 0.5% 21.9%
Day 1,091 698,013 12,618 2% 119,516 1,120 1% 0 37 0.3% 0 0.0% 3.3% 0.0% 0.0%
Deuel 637 407,511 10,530 3% 110,479 1,438 1% 161 119 1.1% 6 0.1% 8.3% 0.4% 3.5%
Douglas 434 277,638 277,638 100% 46,255 46,255 100% 3,819 1,666 0.6% 711 0.3% 3.6% 1.5% 18.6%
Grant 688 440,242 220,988 50% 107,499 18,906 18% 1,123 570 0.3% 336 0.2% 3.0% 1.8% 30.0%
Hanson 435 278,646 278,646 100% 42,111 42,111 100% 2,137 1,330 0.5% 187 0.1% 3.2% 0.4% 8.7%
Hughes 800 511,859 511,859 100% 174,162 174,162 100% 4,305 10,478 2.0% 324 0.1% 6.0% 0.2% 7.5%
Hutchinson 814 520,911 520,911 100% 76,253 76,253 100% 619 2,126 0.4% 75 0.0% 2.8% 0.1% 12.2%
Jerauld 532 340,612 340,612 100% 142,668 142,668 100% 21,574 16,257 4.8% 5,198 1.5% 11.4% 3.6% 24.1%
Kingsbury 863 552,499 195,879 35% 84,920 43,293 51% 6,895 7,981 4.1% 1,335 0.7% 18.4% 3.1% 19.4%
Lake 575 367,942 43,529 12% 33,918 6,331 19% 812 44 0.1% 5 0.0% 0.7% 0.1% 0.7%
Lincoln 579 370,310 370,310 100% 27,646 27,646 100% 250 1,129 0.3% 14 0.0% 4.1% 0.1% 5.7%
Marshall 885 566,512 242,845 43% 163,513 25,723 16% 10,977 4,935 2.0% 3,638 1.5% 19.2% 14.1% 33.1%
McCook 577 369,238 339,207 92% 46,886 40,771 87% 3,200 4,008 1.2% 815 0.2% 9.8% 2.0% 25.5%
Miner 572 365,887 362,657 99% 74,955 74,831 100% 12,800 6,777 1.9% 2,517 0.7% 9.1% 3.4% 19.7%
Minnehaha 814 520,746 49,849 10% 58,765 3,552 6% 0 141 0.3% 0 0.0% 4.0% 0.0% 0.0%
Roberts 1,135 726,494 524,183 72% 192,964 75,982 39% 4,551 3,965 0.8% 1,593 0.3% 5.2% 2.1% 35.0%
Sanborn 570 364,688 364,688 100% 108,400 108,400 100% 32,316 14,735 4.0% 9,302 2.6% 13.6% 8.6% 28.8%
Spink 1,509 965,715 817,753 85% 148,441 122,601 83% 13,505 12,450 1.5% 3,560 0.4% 10.2% 2.9% 26.4%
Turner 617 395,067 395,067 100% 36,404 36,404 100% 694 963 0.2% 89 0.0% 2.6% 0.2% 12.9%
Union 467 298,959 298,959 100% 21,614 21,614 100% 1,576 2,558 0.9% 549 0.2% 11.8% 2.5% 34.8%
Yankton 530 339,030 339,030 100% 63,328 63,328 100% 263 1,537 0.5% 16 0.0% 2.4% 0.0% 6.2%
Total - Phase III 9,093 5,819,597 5,819,597 100% 2,029,947 2,029,947 100% 452,633 35,908 0.6% 21,324 0.4% 1.8% 1.1% 4.7%
Total - Phase IV 23,712 15,175,661 11,394,756 75% 3,222,102 2,378,886 74% 260,726 176,169 1.5% 60,144 0.5% 7.4% 2.5% 23.1%
High Measure
Low Measure
High Measure in Column
Low Measure in Column
9 Protected lands include fee title property and/or permanent easements held by:  US Fish and Wildlife Service, Natural Resources Conservation Service,  and The Nature Conservancy.  Not all protected acres are comprised of historically undisturbed land.  Many protected acres are 
comprised of old fields.
Potentially Undisturbed Lands with Uncertain Disturbance History (Go-Back Land8) in Eastern South Dakota - 20137
7 Includes Phase III data from nine-county region of Missouri Coteau and portions of the remainder eastern SD Counties included in Phase IV.  Does not include portions of Prairie Coteau Counties included in the Phase I pilot project. 
8  Uncertain Disturbance history includes tracts that show various degrees of indicators of historical cropping but which lack definitive indicators or records at this time; commonlhy referred to as "Go Back" land.
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Table 20: Eastern South Dakota Landscape Statist ics:  Lands protected from conversion.

























































Aurora 712 455,663 40,494 8.9% 145,861 32,972 81.4% 22.6% 7.2%
Beadle 1,264 808,901 46,671 5.8% 199,119 31,617 67.7% 15.9% 3.9%
Bon Homme 581 371,819 1,219 0.3% 67,564 635 52.1% 0.9% 0.2%
Brookings 805 515,024 23,664 4.6% 76,951 9,835 41.6% 12.8% 1.9%
Brown 1,730 1,107,146 75,018 6.8% 174,984 46,863 62.5% 26.8% 4.2%
Brule 846 541,320 17,197 3.2% 182,539 11,904 69.2% 6.5% 2.2%
Buffalo 487 311,708 10,734 3.4% 191,939 8,964 83.5% 4.7% 2.9%
Campbell 771 493,336 30,030 6.1% 179,217 22,769 75.8% 12.7% 4.6%
Charles Mix 1,149 735,551 15,019 2.0% 202,631 5,307 35.3% 2.6% 0.7%
Clark 967 619,036 43,967 7.1% 115,881 26,414 60.1% 22.8% 4.3%
Clay 417 266,651 1,046 0.4% 17,858 77 7.4% 0.4% 0.0%
Codington 717 458,789 16,719 3.6% 79,282 10,565 63.2% 13.3% 2.3%
Davison 436 279,344 1,629 0.6% 43,026 901 55.3% 2.1% 0.3%
Day 1,091 698,013 51,404 7.4% 119,516 24,798 48.2% 20.7% 3.6%
Deuel 637 407,511 46,621 11.4% 110,479 36,542 78.4% 33.1% 9.0%
Douglas 434 277,638 6,879 2.5% 46,255 3,819 55.5% 8.3% 1.4%
Edmunds 1,150 736,156 101,337 13.8% 202,443 76,402 75.4% 37.7% 10.4%
Faulk 1,005 643,127 111,880 17.4% 210,474 100,317 89.7% 47.7% 15.6%
Grant 688 440,242 44,704 10.2% 107,499 36,488 81.6% 33.9% 8.3%
Hamlin 538 344,191 6,437 1.9% 36,050 2,716 42.2% 7.5% 0.8%
Hand 1,439 920,991 67,353 7.3% 340,629 56,242 83.5% 16.5% 6.1%
Hanson 435 278,646 3,874 1.4% 42,111 2,137 55.2% 5.1% 0.8%
Hughes 800 511,859 28,762 5.6% 174,162 4,305 15.0% 2.5% 0.8%
Hutchinson 814 520,911 2,208 0.4% 76,253 619 28.0% 0.8% 0.1%
Hyde 866 554,187 38,830 7.0% 278,656 33,036 85.1% 11.9% 6.0%
Jerauld 532 340,612 27,511 8.1% 142,668 21,574 78.4% 15.1% 6.3%
Kingsbury 863 552,499 24,009 4.3% 84,920 12,324 51.3% 14.5% 2.2%
Lake 575 367,942 11,233 3.1% 33,918 3,608 32.1% 10.6% 1.0%
Lincoln 579 370,310 634 0.2% 27,646 250 39.4% 0.9% 0.1%
Marshall 885 566,512 73,549 13.0% 163,513 56,507 76.8% 34.6% 10.0%
McCook 577 369,238 7,261 2.0% 46,886 3,466 47.7% 7.4% 0.9%
McPherson 1,151 736,590 154,134 20.9% 341,433 121,838 79.0% 35.7% 16.5%
Miner 572 365,887 24,841 6.8% 74,955 12,800 51.5% 17.1% 3.5%
Minnehaha 814 520,746 5,441 1.0% 58,765 2,014 37.0% 3.4% 0.4%
Moody 521 333,518 8,208 2.5% 43,694 3,935 47.9% 9.0% 1.2%
Potter 898 574,608 26,947 4.7% 168,621 20,548 76.3% 12.2% 3.6%
Roberts 1,135 726,494 55,314 7.6% 192,964 44,874 81.1% 23.3% 6.2%
Sanborn 570 364,688 39,848 10.9% 108,400 32,316 81.1% 29.8% 8.9%
Spink 1,509 965,715 21,941 2.3% 148,441 16,419 74.8% 11.1% 1.7%
Sully 1,070 684,613 45,735 6.7% 138,613 6,131 13.4% 4.4% 0.9%
Turner 617 395,067 1,981 0.5% 36,404 694 35.0% 1.9% 0.2%
Union 467 298,959 3,014 1.0% 21,614 1,576 52.3% 7.3% 0.5%
Walworth 744 475,989 18,506 3.9% 169,861 15,349 82.9% 9.0% 3.2%
Yankton 530 339,030 1,177 0.3% 63,328 263 22.4% 0.4% 0.1%
Total 35,386 22,646,780 1,384,982 6.1% 5,488,025 962,734 69.5% 17.5% 4.3%
High Measure
Low Measure
High Measure in Column
Low Measure in Column
 Protected10 Potentially Undisturbed11 Land - County Statistics for Eastern SD - 2013
11 South Dakota State University Potentially Undisturbed Lands Analysis:  2016.  Includes all land tracts with no apparent disturbance as of 2012 (may include land tracts with 
historic disturbance that cannot be detected by SDSU analysis methodology.  Example:  go-back grasslands)
10 Protected lands include but are not limited to fee title property and/or permanent easements held by:  US Fish and Wildlife Service, Natural Resources Conservation 
Service,  and The Nature Conservancy:  Not all protected acres are comprised of historically undisturbed land. 
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Table 21: Eastern South Dakota Landscape Statist ics:  Impact of lands owned and managed by the state of south dakota (state school & public lands; 
department of game, f ish & parks)
























































































































































Aurora 712 455,663 145,861 957 953 99.5% 0.7% 2,320 849 36.6% 0.6% 0 0 0.0% 0.0% 2,320 849 36.6% 0.6% 3,277 1,802 55.0% 1.2%
Beadle 1,264 808,901 199,119 0 0 0.0% 0.0% 3,107 1,188 38.2% 0.6% 122 83 68.4% 0.0% 3,229 1,271 39.4% 0.6% 3,229 1,271 39.4% 0.6%
Bon Homme 581 371,819 67,564 0 0 0.0% 0.0% 6,549 3,533 53.9% 5.2% 128 85 66.0% 0.1% 6,677 3,618 54.2% 5.4% 6,677 3,618 54.2% 5.4%
Brookings 805 515,024 76,951 0 0 0.0% 0.0% 2,896 1,088 37.6% 1.4% 502 260 51.7% 0.3% 3,398 1,348 39.7% 1.8% 3,398 1,348 39.7% 1.8%
Brown 1,730 1,107,146 174,984 3,983 3,707 93.1% 2.1% 11,898 3,052 25.6% 1.7% 334 107 32.1% 0.1% 12,232 3,159 25.8% 1.8% 16,215 6,866 42.3% 3.9%
Brule 846 541,320 182,539 0 0 0.0% 0.0% 8,824 5,641 63.9% 3.1% 160 107 66.7% 0.1% 8,985 5,748 64.0% 3.1% 8,985 5,748 64.0% 3.1%
Buffalo 487 311,708 191,939 0 0 0.0% 0.0% 293 291 99.3% 0.2% 0 0 0.0% 0.0% 293 291 99.3% 0.2% 293 291 99.3% 0.2%
Campbell 771 493,336 179,217 8,094 7,918 97.8% 4.4% 5,754 3,235 56.2% 1.8% 258 113 43.9% 0.1% 6,012 3,349 55.7% 1.9% 14,106 11,267 79.9% 6.3%
Charles Mix 1,149 735,551 202,631 0 0 0.0% 0.0% 11,690 8,270 70.7% 4.1% 2,850 1,924 67.5% 0.9% 14,540 10,194 70.1% 5.0% 14,540 10,194 70.1% 5.0%
Clark 967 619,036 115,881 413 349 84.6% 0.3% 10,786 1,456 13.5% 1.3% 0 0 0.0% 0.0% 10,786 1,456 13.5% 1.3% 11,199 1,805 16.1% 1.6%
Clay 417 266,651 17,858 0 0 0.0% 0.0% 620 308 49.7% 1.7% 431 151 35.1% 0.8% 1,051 459 43.7% 2.6% 1,051 459 43.7% 2.6%
Codington 717 458,789 79,282 0 0 0.0% 0.0% 9,107 1,696 18.6% 2.1% 671 344 51.2% 0.4% 9,778 2,039 20.9% 2.6% 9,778 2,039 20.9% 2.6%
Davison 436 279,344 43,026 0 0 0.0% 0.0% 437 127 29.0% 0.3% 0 0 0.0% 0.0% 437 127 29.0% 0.3% 437 127 29.0% 0.3%
Day 1,091 698,013 119,516 538 469 87.2% 0.4% 12,435 1,368 11.0% 1.1% 577 426 73.8% 0.4% 13,012 1,794 13.8% 1.5% 13,550 2,263 16.7% 1.9%
Deuel 637 407,511 110,479 0 0 0.0% 0.0% 5,705 3,351 58.7% 3.0% 99 60 60.4% 0.1% 5,804 3,411 58.8% 3.1% 5,804 3,411 58.8% 3.1%
Douglas 434 277,638 46,255 0 0 0.0% 0.0% 0 0 0.0% 0.0% 0 0 0.0% 0.0% 0 0 0.0% 0.0% 0 0 0.0% 0.0%
Edmunds 1,150 736,156 202,443 13,043 12,066 92.5% 6.0% 1,978 687 34.7% 0.3% 317 98 31.0% 0.0% 2,295 785 34.2% 0.4% 15,338 12,851 83.8% 6.3%
Faulk 1,005 643,127 210,474 12,064 11,377 94.3% 5.4% 2,276 643 28.3% 0.3% 1 0 0.0% 0.0% 2,277 643 28.3% 0.3% 14,340 12,021 83.8% 5.7%
Grant 688 440,242 107,499 0 0 0.0% 0.0% 3,189 1,260 39.5% 1.2% 0 0 0.0% 0.0% 3,189 1,261 39.5% 1.2% 3,189 1,261 39.5% 1.2%
Hamlin 538 344,191 36,050 0 0 0.0% 0.0% 8,275 1,565 18.9% 4.3% 0 0 0.0% 0.0% 8,275 1,565 18.9% 4.3% 8,275 1,565 18.9% 4.3%
Hand 1,439 920,991 340,629 8,230 7,981 97.0% 2.3% 5,123 1,416 27.6% 0.4% 318 140 44.0% 0.0% 5,441 1,556 28.6% 0.5% 13,671 9,537 69.8% 2.8%
Hanson 435 278,646 42,111 0 0 0.0% 0.0% 587 190 32.3% 0.5% 0 0 0.0% 0.0% 587 190 32.3% 0.5% 587 190 32.3% 0.5%
Hughes 800 511,859 174,162 386 372 96.3% 0.2% 5,709 3,604 63.1% 2.1% 2,236 1,776 79.4% 1.0% 7,946 5,381 67.7% 3.1% 8,332 5,752 69.0% 3.3%
Hutchinson 814 520,911 76,253 0 0 0.0% 0.0% 2,296 724 31.5% 0.9% 0 0 0.0% 0.0% 2,296 724 31.5% 0.9% 2,296 724 31.5% 0.9%
Hyde 866 554,187 278,656 21,966 18,579 84.6% 6.7% 1,804 543 30.1% 0.2% 0 0 0.0% 0.0% 1,804 543 30.1% 0.2% 23,771 19,123 80.4% 6.9%
Jerauld 532 340,612 142,668 636 370 58.1% 0.3% 1,735 490 28.3% 0.3% 0 0 0.0% 0.0% 1,735 490 28.3% 0.3% 2,371 860 36.3% 0.6%
Kingsbury 863 552,499 84,920 0 0 0.0% 0.0% 8,768 1,217 13.9% 1.4% 623 30 4.7% 0.0% 9,391 1,247 13.3% 1.5% 9,391 1,247 13.3% 1.5%
Lake 575 367,942 33,918 0 0 0.0% 0.0% 3,992 951 23.8% 2.8% 228 129 56.4% 0.4% 4,221 1,080 25.6% 3.2% 4,221 1,080 25.6% 3.2%
Lincoln 579 370,310 27,646 0 0 0.0% 0.0% 2,242 1,608 71.7% 5.8% 1,220 964 79.0% 3.5% 3,462 2,572 74.3% 9.3% 3,462 2,572 74.3% 9.3%
Marshall 885 566,512 163,513 3,291 2,308 70.2% 1.4% 11,672 4,066 34.8% 2.5% 1,035 837 80.9% 0.5% 12,707 4,903 38.6% 3.0% 15,998 7,211 45.1% 4.4%
McCook 577 369,238 46,886 0 0 0.0% 0.0% 2,934 945 32.2% 2.0% 228 116 50.7% 0.2% 3,162 1,061 33.5% 2.3% 3,162 1,061 33.5% 2.3%
McPherson 1,151 736,590 341,433 21,602 20,813 96.3% 6.1% 4,686 2,033 43.4% 0.6% 0 0 0.0% 0.0% 4,686 2,033 43.4% 0.6% 26,288 22,846 86.9% 6.7%
Miner 572 365,887 74,955 0 0 0.0% 0.0% 4,516 1,397 30.9% 1.9% 79 6 7.5% 0.0% 4,595 1,403 30.5% 1.9% 4,595 1,403 30.5% 1.9%
Minnehaha 814 520,746 58,765 0 0 0.0% 0.0% 2,557 279 10.9% 0.5% 774 536 69.2% 0.9% 3,331 815 24.5% 1.4% 3,331 815 24.5% 1.4%
Moody 521 333,518 43,694 0 0 0.0% 0.0% 719 226 31.4% 0.5% 0 0 0.0% 0.0% 719 226 31.4% 0.5% 719 226 31.4% 0.5%
Potter 898 574,608 168,621 21,608 20,303 94.0% 12.0% 5,267 3,876 73.6% 2.3% 418 217 52.0% 0.1% 5,685 4,094 72.0% 2.4% 27,293 24,397 89.4% 14.5%
Roberts 1,135 726,494 192,964 0 0 0.0% 0.0% 7,005 4,139 59.1% 2.1% 805 593 73.8% 0.3% 7,809 4,733 60.6% 2.5% 7,809 4,733 60.6% 2.5%
Sanborn 570 364,688 108,400 0 0 0.0% 0.0% 3,234 1,678 51.9% 1.5% 1 0 0.0% 0.0% 3,235 1,678 51.9% 1.5% 3,235 1,678 51.9% 1.5%
Spink 1,509 965,715 148,441 2,166 2,022 93.3% 1.4% 3,471 1,250 36.0% 0.8% 312 136 43.7% 0.1% 3,783 1,386 36.6% 0.9% 5,949 3,408 57.3% 2.3%
Sully 1,070 684,613 138,613 13,535 12,021 88.8% 8.7% 19,498 13,030 66.8% 9.4% 892 579 65.0% 0.4% 20,390 13,610 66.7% 9.8% 33,925 25,630 75.6% 18.5%
Turner 617 395,067 36,404 0 0 0.0% 0.0% 1,126 474 42.1% 1.3% 1,082 0 0.0% 0.0% 2,208 474 21.5% 1.3% 2,208 474 21.5% 1.3%
Union 467 298,959 21,614 0 0 0.0% 0.0% 1,082 486 44.9% 2.2% 1,988 1,258 63.3% 5.8% 3,069 1,744 56.8% 8.1% 3,069 1,744 56.8% 8.1%
Walworth 744 475,989 169,861 13,170 12,836 97.5% 7.6% 5,023 3,046 60.6% 1.8% 1,029 628 61.1% 0.4% 6,052 3,675 60.7% 2.2% 19,222 16,511 85.9% 9.7%
Yankton 530 339,030 63,328 0 0 0.0% 0.0% 1,641 880 53.6% 1.4% 1,300 648 49.8% 1.0% 2,941 1,528 51.9% 2.4% 2,941 1,528 51.9% 2.4%
Total 35,386 22,646,780 5,488,025 145,681 134,444 92.3% 2.4% 214,826 88,157 41.0% 1.6% 21,018 12,350 58.8% 0.2% 235,844 100,507 42.6% 1.8% 381,524 234,951 61.6% 4.3%
High Measure
Low Measure
High Measure in Column
Low Measure in Column
County Statistics
Potentially Undisturbed Land Managed by State Agencies - County Statistics for Eastern SD - 2013
12 South Dakota State University Potentially Undisturbed Lands Analysis:  2016.  Includes all land tracts with no apparent disturbance as of 2012 (may include land tracts with historic disturbance that cannot be detected by SDSU analysis methodology.  Example:  go-back grasslands)
SD School and Public Lands (SDSPL) SDGFP GPAs SDGFP Parks and Recreation Areas Total SDGFP Ownership Total Combined SDSPL & SDGFP 
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Interpreting Results based on Ecoregions 
As valuable as our county based analysis has proven to 
be for understanding the land management history of 
eastern South Dakota, there is no limit to the number 
and types of boundaries that can be compared to or 
overlaid on the GIS layers produced from our work to 
better understand the land use history in any given 
area. 
As an example, we applied the US Environmental 
Protection Agency’s ecoregional boundaries to 
illustrate the difference between ecological boundaries 
and sociopolitical boundaries (such as counties). 
The EPA defines ecoregions as: “areas where 
ecosystems (and the type, quality, and quantity 
of environmental resources) are generally similar. 
They serve as a spatial framework for the research, 
assessment, management, and monitoring of 
ecosystems and their components. Ecoregions can 
help integrate these activities across agencies and 
programs that have different resource interests in the 
same geographic areas. Ecoregions are identified by 
analyzing patterns of biotic and abiotic phenomena, 
both terrestrial and aquatic. These phenomena include 
geology, landforms, soils, vegetation, climate, land use, 
wildlife, and hydrology.”
The EPA provides various scales of ecoregional 
analysis from the course Level I containing only 12 
ecoregions for the continental US to the most detailed 
Level IV which divides the continental US into 967 
ecoregions. We applied the 23 Level IV Ecoregional 
boundaries that overlap eastern South Dakota in order 
to provide an alternative perspective on landscape 
analysis https://www.epa.gov/eco-research/ecoregion-
download-files-state-region-8#pane-39 
While the overall distribution of undisturbed lands itself 
highlights actual areas of intact habitat, ecoregional 
analysis can help in determining how the availability of 
undisturbed lands might affect specific biotic or abiotic 
priorities or goals within an area. Ecoregion size and 
shape varies dramatically in eastern South Dakota, 
and the type of undisturbed grasslands (tallgrass, 
mixed grass, shortgrass) and woodlands (deciduous, 
coniferous) can be analyzed base on those boundaries. 
At nearly 6 million acres, the James River Lowland (15) 
ecoregion is by far the largest in eastern South Dakota. 
This ecoregion also harbors the most total undisturbed 
land at over 1.1 million acres. The second largest 
ecoregion is the main portion of the Prairie Coteau (5) 
at over 3 million acres. However, only about 19% of 
either of these two largest ecoregions is considered 
Table 22: Ecoregions ranked by percentage of 























22 Northern Missouri River Breaks 682,661 400,368 58.6%
23 Southern Missouri River Breaks 226,820 128,149 56.5%
8 Prairie Coteau Escarpment (East) 228,480 117,736 51.5%
9 Prairie Coteau Escarpment (West) 30,004 14,789 49.3%
18 Missouri Coteau 2,043,081 841,787 41.2%
19 Southern Missouri Coteau 1,524,550 526,004 34.5%
3 Glacial Lake Agassiz Basin 26,982 9,287 34.4%
20 Northern Missouri Coteau Slope 122,527 37,303 30.4%
21 Southern Missouri Coteau Slope 2,990,555 782,143 26.2%
12 Western Drift Plains 1,013,158 240,922 23.8%
14 Glacial Lake Sand Deltas 187,016 38,843 20.8%
5 Prairie Coteau 3,227,997 628,566 19.5%
15 James River Lowland 5,911,427 1,148,275 19.4%
11 Eastern Drift Plains 486,931 91,423 18.8%
6 Big Sioux Basin 988,646 174,668 17.7%
10 Prairie Coteau (Turkey Ridge) 121,130 17,991 14.9%
1 Minnesota River Prairie 531,389 69,428 13.1%
7 Prairie Coteau Loess Prairies 489,180 52,369 10.7%
13 Glacial Lake Dakota Basin 1,157,531 110,844 9.6%
2 Tewaukon/Big Stone Stagnation Moraine 209,214 19,261 9.2%
16 Loess Prairies 223,006 20,445 9.2%
17 Missouri Alluvial Plain 223,754 17,350 7.8%
4 Agassiz Beach Ridges & Sand Deltas 12,364 73 0.6%
22,658,401 5,488,025 24.2%Total
Table 23: Ecoregions ranked by percentage of 
undisturbed land categorized as woodlands  



















17 Missouri Alluvial Plain 223,754 8,937 51.5%
16 Loess Prairies 223,006 7,886 38.6%
8 Prairie Coteau Escarpment (East) 228,480 20,937 17.8%
23 Southern Missouri River Breaks 226,820 17,630 13.8%
10 Prairie Coteau (Turkey Ridge) 121,130 1,936 10.8%
7 Prairie Coteau Loess Prairies 489,180 5,209 9.9%
1 Minnesota River Prairie 531,389 6,253 9.0%
9 Prairie Coteau Escarpment (West) 30,004 742 5.0%
2 Tewaukon/Big Stone Stagnation Moraine 209,214 856 4.4%
15 James River Lowland 5,911,427 23,904 2.1%
22 Northern Missouri River Breaks 682,661 5,775 1.4%
5 Prairie Coteau 3,227,997 8,156 1.3%
6 Big Sioux Basin 988,646 1,478 0.8%
14 Glacial Lake Sand Deltas 187,016 227 0.6%
13 Glacial Lake Dakota Basin 1,157,531 643 0.6%
3 Glacial Lake Agassiz Basin 26,982 51 0.6%
21 Southern Missouri Coteau Slope 2,990,555 4,159 0.5%
19 Southern Missouri Coteau 1,524,550 1,369 0.3%
11 Eastern Drift Plains 486,931 203 0.2%
12 Western Drift Plains 1,013,158 491 0.2%
20 Northern Missouri Coteau Slope 122,527 58 0.2%
18 Missouri Coteau 2,043,081 195 0.0%
4 Agassiz Beach Ridges & Sand Deltas 12,364 0 0.0%
22,658,401 117,097 2.1%Total
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potentially undisturbed land (Table 22, Figure 14). 
While both of these large ecoregions contain areas of 
relatively dense and intact undisturbed land, both are 
primarily dominated by row crop agriculture.
In contrast to the above, when analyzing ecoregions 
based on the density of undisturbed land as a 
percentage of the ecoregion area, the Northern 
Missouri River Breaks (22) ranks highest at 58.6% 
of the land categorized as potentially undisturbed, 
followed closely by the Southern Missouri River Breaks 
(23) at 56.5%. Overall, 24.2% of eastern South Dakota 
was categorized as potentially undisturbed land. Only 
nine of the 23 eastern South Dakota ecoregions rank 
above the average having greater than 24.2% of their 
land base categorized as undisturbed (Table 22). 
Grassland acres make up the bulk of undisturbed land 
in most regions of eastern South Dakota (97.9%). 
However, undisturbed woodland acres are significant in 
some ecoregions. Due to its vast size, the James River 
Lowland (15) ecoregion contains the greatest total 
area of undisturbed woodlands at nearly 24,000 acres, 
but these woodlands only make up 2.1% of the total 
undisturbed land in that ecoregion. Conversely, the 
8,937 acres of undisturbed woodlands that occur in the 
Missouri Alluvial Plain (17) ecoregion comprise 51.5% 
and the 7,886 acres of undisturbed woodlands that 
occur in the Loess Prairies (16) ecoregion comprise 
38.6%, making woodland coverage disproportionately 
large in these two ecoregions when compared to 
others. Generally, the Prairie Coteau Escarpment 
(East) (8) and the Southern Missouri River Breaks (23) 
ecoregions rank relatively high in both percent and 
total acres of undisturbed land classified as woodlands 
(Table 23, Figure 14). 
Land protection status can also be evaluated at the 
ecoregional level, and ecoregions can be utilized to 
target protection efforts toward specific ecological 
objectives if desired. Through intersecting protected 
and undisturbed lands, we determined that there are 
962,734 acres in eastern South Dakota that are both 
‘undisturbed’ and ‘protected’ as of 2015(17.5% of the 
total undisturbed land base). 
Within individual ecoregions, protection status of 
undisturbed lands can vary dramatically. At 61.4%, 
the Glacial Lake Sand Deltas (14) ecoregion has the 
highest percentage of its undisturbed land protected 
from future conversion totaling nearly 24,000 acres. 
Table 24: Ecoregions ranked by percentage of 
























14 Glacial Lake Sand Deltas 38,843 23,839 61.4%
18 Missouri Coteau 841,787 320,772 38.1%
5 Prairie Coteau 628,566 186,244 29.6%
8 Prairie Coteau Escarpment (East) 117,736 29,130 24.7%
9 Prairie Coteau Escarpment (West) 14,789 3,288 22.2%
19 Southern Missouri Coteau 526,004 101,351 19.3%
12 Western Drift Plains 240,922 44,537 18.5%
13 Glacial Lake Dakota Basin 110,844 20,006 18.0%
15 James River Lowland 1,148,275 157,297 13.7%
11 Eastern Drift Plains 91,423 11,623 12.7%
2 Tewaukon/Big Stone Stagnation Moraine 19,261 2,120 11.0%
6 Big Sioux Basin 174,668 18,125 10.4%
3 Glacial Lake Agassiz Basin 9,287 546 5.9%
1 Minnesota River Prairie 69,428 3,320 4.8%
17 Missouri Alluvial Plain 17,350 804 4.6%
21 Southern Missouri Coteau Slope 782,143 33,129 4.2%
16 Loess Prairies 20,445 757 3.7%
20 Northern Missouri Coteau Slope 37,303 782 2.1%
7 Prairie Coteau Loess Prairies 52,369 896 1.7%
22 Northern Missouri River Breaks 400,368 4,127 1.0%
10 Prairie Coteau (Turkey Ridge) 17,991 44 0.2%
4 Agassiz Beach Ridges & Sand Deltas 73 0 0.0%
23 Southern Missouri River Breaks 128,149 0 0.0%
5,488,025 962,734 17.5%Total
Table 25: Ecoregions ranked by total  acres of 




















1 Minnesota River Prairie 1,323 1.9%
2 Tewaukon/Big Stone Stagnation Moraine 644 3.3%
3 Glacial Lake Agassiz Basin 2,010 21.6%
4 Agassiz Beach Ridges & Sand Deltas 0 0.0%
5 Prairie Coteau 19,013 3.0%
6 Big Sioux Basin 2,513 1.4%
7 Prairie Coteau Loess Prairies 536 1.0%
8 Prairie Coteau Escarpment (East) 1,227 1.0%
9 Prairie Coteau Escarpment (West) 83 0.6%
10 Prairie Coteau (Turkey Ridge) 131 0.7%
11 Eastern Drift Plains 1,241 1.4%
12 Western Drift Plains 8,428 3.5%
13 Glacial Lake Dakota Basin 3,020 2.7%
14 Glacial Lake Sand Deltas 1,673 4.3%
15 James River Lowland 16,846 1.5%
16 Loess Prairies 2,658 13.0%
17 Missouri Alluvial Plain 1,637 9.4%
18 Missouri Coteau 87,624 10.4%
19 Southern Missouri Coteau 6,218 1.2%
20 Northern Missouri Coteau Slope 262 0.7%
21 Southern Missouri Coteau Slope 27,868 3.6%
22 Northern Missouri River Breaks 36,524 9.1%
23 Southern Missouri River Breaks 13,995 10.9%
235,474 4.3%Total
Page 48 
iGrow.org  |  A Service of SDSU Extension  |  © 2016, South Dakota Board of Regents
 | natural resources
Figure 14: Eastern South Dakota: Level IV US environmetal protection agency ecoregional boundaries for Eastern South Dakota in 
relation to potentially undisturbed land tracts.
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Figure 15: Eastern South Dakota: Level IV US environmetal protection agency ecoregional boundaries for eastern south dakota in 
relation to potentially undisturbed and protected land tracts.
 | natural resources
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Table 26: Eastern South Dakota Landscape Statist ics:  Environmental Protection Agency (EPA) designated ecoregion boundaries in Eastern South 
Dakota


























































































1 Minnesota River Prairie 531,389 63,175 6,253 69,428 91.0% 9.0% 13.1% 3,320 4.8% 0.6% 1,323 1.9% 0.2%
2 Tewaukon/Big Stone Stagnation Moraine 209,214 18,405 856 19,261 95.6% 4.4% 9.2% 2,120 11.0% 1.0% 644 3.3% 0.3%
3 Glacial Lake Agassiz Basin 26,982 9,235 51 9,287 99.4% 0.6% 34.4% 546 5.9% 2.0% 2,010 21.6% 7.4%
4 Agassiz Beach Ridges & Sand Deltas 12,364 73 0 73 100.0% 0.0% 0.6% 0 0.0% 0.0% 0 0.0% 0.0%
5 Prairie Coteau 3,227,997 620,409 8,156 628,566 98.7% 1.3% 19.5% 186,244 29.6% 5.8% 19,013 3.0% 0.6%
6 Big Sioux Basin 988,646 173,191 1,478 174,668 99.2% 0.8% 17.7% 18,125 10.4% 1.8% 2,513 1.4% 0.3%
7 Prairie Coteau Loess Prairies 489,180 47,159 5,209 52,369 90.1% 9.9% 10.7% 896 1.7% 0.2% 536 1.0% 0.1%
8 Prairie Coteau Escarpment (East) 228,480 96,799 20,937 117,736 82.2% 17.8% 51.5% 29,130 24.7% 12.7% 1,227 1.0% 0.5%
9 Prairie Coteau Escarpment (West) 30,004 14,047 742 14,789 95.0% 5.0% 49.3% 3,288 22.2% 11.0% 83 0.6% 0.3%
10 Prairie Coteau (Turkey Ridge) 121,130 16,055 1,936 17,991 89.2% 10.8% 14.9% 44 0.2% 0.0% 131 0.7% 0.1%
11 Eastern Drift Plains 486,931 91,220 203 91,423 99.8% 0.2% 18.8% 11,623 12.7% 2.4% 1,241 1.4% 0.3%
12 Western Drift Plains 1,013,158 240,431 491 240,922 99.8% 0.2% 23.8% 44,537 18.5% 4.4% 8,428 3.5% 0.8%
13 Glacial Lake Dakota Basin 1,157,531 110,201 643 110,844 99.4% 0.6% 9.6% 20,006 18.0% 1.7% 3,020 2.7% 0.3%
14 Glacial Lake Sand Deltas 187,016 38,616 227 38,843 99.4% 0.6% 20.8% 23,839 61.4% 12.7% 1,673 4.3% 0.9%
15 James River Lowland 5,911,427 1,124,371 23,904 1,148,275 97.9% 2.1% 19.4% 157,297 13.7% 2.7% 16,846 1.5% 0.3%
16 Loess Prairies 223,006 12,559 7,886 20,445 61.4% 38.6% 9.2% 757 3.7% 0.3% 2,658 13.0% 1.2%
17 Missouri Alluvial Plain 223,754 8,412 8,937 17,350 48.5% 51.5% 7.8% 804 4.6% 0.4% 1,637 9.4% 0.7%
18 Missouri Coteau 2,043,081 841,592 195 841,787 100.0% 0.0% 41.2% 320,772 38.1% 15.7% 87,624 10.4% 4.3%
19 Southern Missouri Coteau 1,524,550 524,635 1,369 526,004 99.7% 0.3% 34.5% 101,351 19.3% 6.6% 6,218 1.2% 0.4%
20 Northern Missouri Coteau Slope 122,527 37,245 58 37,303 99.8% 0.2% 30.4% 782 2.1% 0.6% 262 0.7% 0.2%
21 Southern Missouri Coteau Slope 2,990,555 777,984 4,159 782,143 99.5% 0.5% 26.2% 33,129 4.2% 1.1% 27,868 3.6% 0.9%
22 Northern Missouri River Breaks 682,661 394,593 5,775 400,368 98.6% 1.4% 58.6% 4,127 1.0% 0.6% 36,524 9.1% 5.4%
23 Southern Missouri River Breaks 226,820 110,519 17,630 128,149 86.2% 13.8% 56.5% 0 0.0% 0.0% 13,995 10.9% 6.2%
22,658,401 5,370,928 117,097 5,488,025 97.9% 2.1% 24.2% 962,734 17.5% 4.2% 235,474 4.3% 1.0%
Ecoregion13 (Landscape) Statistics for Undisturbed Land in Eastern SD - 2013
Total
13 US Environmental Protection Agency.   https://www.epa.gov/eco-research/ecoregion-download-files-state-region-8#pane-39 
High Measure in Column
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For comparison, the second highest percentage of 
undisturbed lands that are protected occurs in the 
much larger Missouri Coteau (18) ecoregion at 38.1%, 
representing over 320,000 undisturbed acres that are 
protected (an area 8 times larger than the entire Glacial 
Lake Sand Deltas (14) ecoregion (Table 24, Figure 15)]. 
As previously discussed in the Results section of 
this report, lands owned by certain state and federal 
agencies are not considered protected due to a lack of 
law or policy, even if those lands have a low likelihood 
of conversion. Therefore, it is important to consider 
these lands when evaluating the impact of protection 
status on the future of undisturbed acres within 
ecoregions. Although the percent of undisturbed land 
that is owned by state and federal agencies that do not 
offer permanent protection can be important, perhaps 
total acreage is a more fitting measure given that these 
lands are most often held open for public recreation 
and access. Six of the 23 ecoregions have over 10,000 
acres of undisturbed state or federally owned land 
that is not protected, with the Missouri Coteau (18) 
ecoregion having the most at 87,624 acres (Table 25).
Table 26 contains complete categorical EPA Level IV 
ecoregion information for eastern SD and is available 
under the ‘Table 26 Ecoregion Totals’ tab in an Excel 
file (EasternSD_ResutlsChart_Final_Master.xlsx) 
attached to this report.
Wind Turbines
Of the 531 wind turbines identified in eastern South 
Dakota (as per 2012 imagery), 269 (50.7%) were 
located adjacent to potentially undisturbed areas 
(using a search distance parameter of fifty meters to 
compensate for disturbance due to turbine pads and 
access roads). Forty-one of the 531 turbines (7.7%) 
were found within potentially undisturbed areas with 
permanent protection. However, those 41 turbines 
account for 15.2% of the 269 turbines adjacent to 
undisturbed habitats. Table 27 lists the number of wind 
turbines found in each county and Figure 16 depicts 
the general location of all wind turbines identified 
during analysis.
















Aurora 53 38 3
Beadle 1 0 0
Brookings 150 12 1
Brown 1 1 0
Brule 50 28 6
Day 67 35 0
Deuel 24 1 0
Hand 10 6 0
Hyde 27 20 0
Jerauld 89 82 26
McPherson 59 46 5
Total 531 269 41
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Figure 16: Locations of all Easetern South Dakota wind turbines identified during Phase I, III, and IV (as per 2012 imagery).
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Discussion
The last several years have yielded great interest 
from researchers and policy makers regarding land 
conversion and many popular, semi-technical, and 
technical papers have been published on the topic. 
The most notable papers providing background on 
the status of land conversion in the Northern Great 
Plains and the Prairie Pothole Region include: Wright 
and Wimberly (2013), Johnston (2013, 2014), Faber 
et al. (2012), Cox and Rundquist (2013), Decision 
Innovation Solutions (2013), and Reitsma et al. (2014). 
While none of these reports were specific to the 
landscape boundaries or counties we evaluated in 
this report, they do indicate trends in shifting land 
use from grasslands to cropland or other uses across 
the Northern Great Plains region, and likely provide 
adequate indications of trends of grassland loss. 
In addition to the papers mentioned above, many 
papers discuss the relative importance of intact native 
vegetation and the consequences of land conversion in 
general including Stephens et al. (2008) and Rashford 
et al. (2010). Several authors have also addressed 
similar concerns regarding the loss of wetlands 
including Cox and Rundquist (2013), Johnston et 
al. (2013), Blann et al. (2009), Werner et al. (2013), 
Voldseth et al. (2007, 2009), and Doherty et al. (2013). 
Caution should be applied when utilizing any of the 
data mentioned in the papers above for evaluating land 
use changes within eastern South Dakota, specifically 
because while likely a reasonable estimate for the 
regions sampled, these data do not differentiate 
between native grasslands and several types of non-
native grass or grass-like vegetation and thus cannot 
provide an accurate indication of occurrence or loss 
of truly native (undisturbed) habitats. That said, the 
trend in grassland and wetland loss indicated in all the 
aforementioned reports obviously does include some 
percentage of native grasslands and wetlands and the 
overall loss of all grassland habitat types, native or 
otherwise, can have significant impacts on the general 
use and distribution of grassland-dependent species.
While it would be simple to assume current land 
use or rates of conversion for all counties in eastern 
South Dakota are similar, the geology of this region is 
highly variable with some areas lending themselves 
to an increased threat of conversion to farmland while 
other areas remain topographically challenging even 
with today’s modern farm equipment. In addition, 
because of the prevalence of conservation work in 
some regions, there are areas where lands are both 
undisturbed and under some type of permanent 
protection from land conversion due to conservation 
easements or agency ownership. Additionally, while 
not formally protected, other lands owned by state or 
federal agencies are likely not under immediate threat 
of conversion. 
Further complicating any analysis of land use change 
is the fact that some areas of the South Dakota 
landscapes we evaluated for this report were 
historically farmed only to be allowed to re-vegetate 
naturally (more or less). These tracts, if identified, are 
referred to as ‘go-back’ pastures or fields, indicating 
they were allowed to ‘go-back’ or re-vegetate naturally. 
The conversion and subsequent natural reclamation of 
these tracts occurred primarily prior to the onset of the 
heavy use of agricultural herbicides, thus vegetation 
diversity and quality can be variable, and at times can 
resemble a truly native site. This situation can occur 
where range or pasture water retention projects, such 
as terracing or rangeland furrowing occurred (see Step 
3 of the Deductive Analysis Procedures in the Methods 
section of this report). While nearly impossible to 
confidently categorize from aerial imagery, the land 
use history of many of these tracts can be determined 
through future on-the-ground evaluation of physical 
and ecological indicators such as tillage furrows, rock 
piles, and simple plant communities infested with 
exotic species. Classifying land use history solely 
based on plant community composition where physical 
indicators may be limited and where native plant 
diversity is high is very difficult, but this is a very rare 
occurrence. 
Management Implications
Future Data Refinement and Analysis of 
Conservation Lands
Classification of potentially undisturbed land is difficult 
and requires a deductive process to remove all 
disturbed land from consideration. Anything less would 
not arrive at an accurate depiction of undisturbed land. 
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For instance, simple quantification of land tracts under 
conservation easement or ownership by agencies 
would not be an accurate indication of undisturbed 
lands because many ‘go back’ tracts are included in 
conservation lands. Further, many native tracts remain 
in private ownership as working farms and ranches 
and are not under formal protection (i.e. easements). 
Thus, any quantification of native sod based solely on 
protection status or conservation lands would be a 
gross underestimate. 
We believe the data produced by this project to be 
the most comprehensive and inclusive estimation of 
undisturbed (likely native) grassland and woodland 
habitat in eastern South Dakota. However, the accuracy 
and completeness of our dataset is limited by that of 
the source data used in analysis. Data sources acquired 
or analyzed henceforth may improve the analysis of 
potentially undisturbed lands. In any event, because 
of the conservative nature of our analysis, it is unlikely 
that there would be a situation that would constitute a 
positive change or increase of lands from disturbed to 
undisturbed. 
Certain issues relating to the quality of the FSA 
Common Land Unit (CLU) layer and its cropland 
indicators are discussed at length above. At specific 
issue is the fact that permanently protected grassland 
conservation easements often drive reclassification 
from a cropland to a non-cropland status on easement 
tracts. This is especially problematic for our analysis 
since there is no way to tell from the CLU data 
whether a non-cropland tract is truly undisturbed 
or simply reclassified historic cropland due to an 
easement. Further complicating the issue is that this 
reclassification varies between easement types and 
county FSA offices. Usually, reclassified farms are 
not dissolved, meaning a reclassified cropland tract 
will remain as an individual polygon distinct from 
neighboring tracts within a given easement property, 
only with a non-cropland status instead of the former 
cropland status. Fortunately, through our overlay of 
permanently protected lands, we can tell if a tract has 
a permanent conservation easement and adjust our 
analysis accordingly. 
Sometimes, the interpretation of historic USGS 
DOQQ aerial imagery or even more current 2012 NAIP 
imagery can provide insights into easement tracts that 
contain possible go-back fields or those that were 
still cropped at the time of the 1990’s DOQQ images. 
More often, though, aerial photos may not show clear 
disturbance indicators for conservation easement 
tracts with a non-crop indicator. This all means, then, 
that the easement classification itself pre-empts a fair 
or consistent interpretation of the CLU data, which 
poses a real problem for the integrity of our analysis 
because it creates a situation where the easement 
itself drives the non-crop classification.
This problem certainly pertains more to conservation 
easement lands as opposed to fee title lands owned 
by conservation entities because historic land use 
data often exists for fee title lands, but not so much 
for easement holdings. Future re-analysis may then 
need to focus specifically on gathering historical 
(pre-1990’s) land use and/or land cover data for 
conservation easement lands. If data can be acquired 
and georectified properly, disturbances identified 
in that data may be used to properly reclassify 
easement lands currently classified as undisturbed. 
Ideally, information on FSA cropland to non-cropland 
reclassification history could also serve to refine our 
analysis, however we are unaware of any practically 
accessible dataset that would contain this history. 
Such data does exist as archived CLU data (available 
to USDA cooperators from the Aerial Photography 
Field Office) or individual farm or tract data files within 
FSA county offices, but would require analysis for 
each individual CLU tract in order to properly assess 
cropping history from changes in CLU cropland 
indicators. 
Some agencies and organizations` have begun internal 
land cover classification projects for their fee title lands, 
but these data are generally ‘in process’ on easement 
holdings and their applicability to our analysis 
was variable. We urge conservation agencies and 
organizations to consider conducting on-the-ground 
surveys, along with historical research, to determine 
disturbance history on conservation easement lands. 
Additionally, publicly accessible historic aerial 
photography exists for some states such as Minnesota 
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dating to the late 1930’s and early 1950’s through the 
1960’s, but we could not locate such readily accessible 
public resources for South Dakota. In the future, 
acquiring and georectifying these historic photos 
should be considered, which could further inform 
undisturbed land classification data.
Future refinement of the potentially undisturbed 
lands dataset will focus on updating and reclassifying 
undisturbed land polygons that have since been 
altered by new acts of disturbance. However, 
future refinement of this dataset will also reflect 
reclassifications based on new interpretations of 
historic disturbance through the utilization of different 
data sources. One requirement of such future 
refinement and reclassification is that all changes to 
the potentially undisturbed land dataset be tracked 
through the use of a separate layer containing the 
reclassified tract and a note indicating the reason 
it was reclassified as disturbed. In this manner, 
reclassification due to recent disturbance and 
discovery/reinterpretation of historic disturbance 
may be kept separate, which is critical for computing 
statistics on both rates of land conversion and relative 
accuracy of the dataset over time.
Impacts of Continuing Land Conversion
Throughout all phases of this analysis we’ve been able 
to detect land use changes happening in the present 
(since 2012 imagery). Simply due to the nature of data 
processing and acquisition, our assessments of land 
will always lag behind the actual changes. However, 
we are confident that the data we provide here can 
serve as a baseline that will allow future assessments 
to be completed much more quickly.
Mapping technicians have witnessed a great deal of 
land conversion that has happened between 2012 
and 2016 in some areas of the state. A revisit of 
our methodology in the near future will provide an 
opportunity to quantify loss of previously undisturbed 
(native) and/or possible go-back acres. Numerous 
examples of land conversion have been cataloged, 
and a few are provided here as examples of grassland 
conversion that continues in eastern South Dakota. 
Figure 17 illustrates the problem of alkalinity in farmed 
soils in portions of eastern South Dakota. Here we 
show Hyde county land that was native rangeland 
in 1996 and then converted to cropland sometime 
between 2006 and 2010. Notice the alkaline soils in the 
crop filed (white colored areas devoid of vegetation) 
evident in the 2012 image. 
Figure 18 illustrates recent conversion of Brown 
County pastureland to cropland between 2012 
and 2014. This particular tract was categorized as 
‘undisturbed grassland’ in our Phase IV eastern 
South Dakota analysis as of 2012 imagery and is thus 
included in the ‘undisturbed’ category in this report. 
This type of evidence of ongoing conversion clearly 
justifies he need to revisit our protocol in the future, 
as this tract and others like it will then be categorized 
as cropland and will serve as a true measure of loss of 
native grassland in eastern South Dakota.
Figure 19 illustrates recent conversion of Hyde County 
pastureland to cropland utilizing chemical kill of native 
grasslands and no-till planting of crops directly into the 
sod. This particular tract was converted in 2012, thus 
was removed from our ‘undisturbed’ layer during our 
Figure 17: Alkaline deposits in Hyde County land converted from pasture at left (1996) to crop field at right (2012).
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Phase III eastern South Dakota analysis. In regions of 
eastern South Dakota where soils are light or rocks 
are prevalent, chemical treatment followed by no-till 
planting of crops appears to be a very popular method 
of conversion of grasslands to cropland. 
Conservation Prioritization
Ultimately, our data can be utilized to target 
conservation strategies, including prioritizing protection 
of undisturbed (native) habitats. As an example, 16 of 
44 eastern South Dakota counties have over 75% of 
their protected acres classified as undisturbed, which 
reflects good conservation strategy in those counties 
(see Table 9 in ‘Protection of Undisturbed Lands’ in 
the Results section of this report). However, the fact 
that only 17.5% of all undisturbed acres are protected 
from conversion, and the fact that none of the 44 
counties assessed have achieved even 50% protection 
of their total undisturbed lands (Faulk County comes 
closest at 48%) leaves a great deal of conservation 
work yet to be done if those acres are to remain as 
intact undisturbed habitat (see Table 8 in ‘Protection 
of Undisturbed Lands’ in the Results section of this 
report).
This does not imply that all disturbed acres with legal 
protection are of no value. For instance, it is often 
logical and cost-efficient for a conservation agency, 
such as the USFWS, to offer easement protection 
for an entire pasture or an entire ranch (see Figure 
20). Nor do our results imply that all acres lacking 
official legal protection are eminently threatened with 
conversion to other uses, such as steep hillsides. 
However, our results do indicate that there is great 
potential for development of more aggressive 
conservation programs if the goal is to ensure future 
protection of undisturbed habitats. Therefore, Tables 20 
and 26 may be the most useful tool available in relation 
to targeted native habitat conservation strategies. 
Valuing Native Grasslands and Associated 
Species
Within all previous reports on land use trends, 
conversion of native grassland is included as an 
unquantified portion of total grassland loss. The 
remainder of grassland conversion reported is better 
described as grass or grass-like ‘crop’ acres, such as 
Figure 18: Brown County land converted from pasture (2012 left) to cropland (2014 right).
Figure 19: Typical direct no-till planting of crops into grasslands 
sprayed with glyphosate or similar herbicides.
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Conservation Reserve Program (CRP) acres, small 
grains, alfalfa, tame grass, or even historic crop fields 
that have actively or passively re-vegetated with some 
semblance of native and exotic grassy vegetation. 
Use of these previously tilled acres and the type of 
crop they produce (including grasses) may ebb and 
flow, and these typically simplified planted habitats 
can be destroyed and re-created over time and space. 
The conversion of these grass-like ‘crop’ acres can 
have social, economic, and ecological benefits and 
detriments, but they are not suitable surrogates for 
evaluation of the loss of truly native grassland acres 
(Doherty et al. (2013).
Native habitats, on the other hand, cannot be re-
created over time and space. Once the soil is 
physically disrupted, the full assemblage and complex 
interactions of the native biotic community with the 
abiotic elements are likely gone forever. Converted 
native grassland and woodland acres can eventually 
be re-cropped with grass and grass-like covers and or 
woody species that may provide some of the social, 
economic, and ecological values provided by the 
original native habitat, but it is impossible to re-create 
all values inherent in native habitats and undisturbed 
soils, thus the cumulative ecological, social, and 
economic impacts of conversion of these acres is 
difficult to measure.
Conversion of remnant native grassland requires a 
cost/benefit analysis that acknowledges true loss of an 
irreplaceable ecosystem. Perhaps Doherty et al. (2013) 
captures the argument for the cumulative effects of 
time on grassland conversion and conservation policy 
more thoroughly than any other report, calling for the 
identification and protection of high-diversity remnant 
areas as a critical step in conservation planning in 
relation to timing (i.e. sooner than later). Endangered 
species alone may serve as the necessary catalyst to 
re-think our approach to native habitat management. 
Utilization of this Data for Future 
Assessments
Because no baseline exists for unprotected native or 
undisturbed sod in the regions evaluated, we cannot 
provide a reasonable estimate of land use change 
over time that can support or refute trends reported 
by others. However, with our methodology, we were 
able to quantify all areas that are likely native untilled 
sod (as of 2013) to a degree of accuracy never before 
attempted or reported. Our methodology provides a 
‘road map’ to future analysis that will provide a baseline 
of reasonable potential areas of native sod based 
on known measured data. Analysis of the quality of 
these tracts can only be quantified by evaluating these 
sites for objective physical or ecological indicators to 
determine what is truly ‘native’ sod and the quality of 
the ecological communities therein. 
Our native grassland and native woodland results 
establish a simple base data layer for future analysis. 
Because of the clarity provided by the USDA-NAIP 
imagery, new cropping/conversion or disturbances 
are quite obvious through on-screen analysis. By 
utilizing GIS technology to overlay our 2013 grassland 
and woodland layer results on future USDA-NAIP 
aerial imagery, analysis of additional land disturbances 
within our polygons will allow researchers to estimate 
an accurate rate of conversion for this region while 
also allowing continual refinement of the undisturbed 
grassland and woodland layers over time. 
Figure 20: Example of USFWS easement tract with old fields 
(disturbed areas) included in the easement protection).
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As grasslands continue to be one of the most 
threatened ecosystems on the planet, the northern 
Great Plains is a focal area for grassland conversion. 
Our methodology not only provides a model for 
mapping potentially undisturbed land for South Dakota, 
it can be applied to identification and mapping of 
potential remaining native habit in other states. While 
there is still a degree of subjectivity involved, our 
techniques provide a reasonable estimate of native 
untilled sod with a far greater degree of local accuracy 
at a usable scale than do previous estimates. 
Unfortunately, the total acres of undisturbed native 
grassland can only remain constant or decrease over 
time. However, there is potential for the woodland 
portion of the undisturbed layer to increase if volunteer 
native woody vegetation infiltrates native grasslands 
and achieves a density that would indicate closed 
canopy cover. That measure is somewhat subjective 
and we believe that significant change in the native 
woodland layer would be required in order to accurately 
detect change through short term analysis. Our 
suggestion would be that these areas continue to be 
classified as undisturbed grasslands unless or until the 
density of trees is such that the canopy reflects that of 
undisturbed woodlands, at which times they should be 
reclassified as such. 
Overall, our methodology and subsequent results 
will allow for improved analysis of the quality of the 
remaining undisturbed portions of the landscape by 
providing a baseline for researchers to target their 
efforts to quantify overall undisturbed grassland 
biological diversity and habitat potential. As stated 
previously, there is a certain percentage of our 
undisturbed grassland and woodland layers that are 
likely ‘go back’ pasture that is relatively low in diversity. 
These areas cannot be completely quantified without 
some sort of improved evaluation through ground-
truthing. 
Concluding Statement
Overall, our analysis team was challenged to think 
critically about the true amount of potentially 
undisturbed lands remaining as of 2013, given the 
perceived conversion to crops over the last couple 
decades in these landscapes. On one hand, while it is 
encouraging to report that we have over 5 million acres 
of potentially undisturbed land remaining in eastern 
South Dakota representing an average of 24.2% of 
the land base, it is also important to note that these 
numbers represent the absolute maximum acreage of 
native habitat we will ever have. Any further conversion 
of native habitats will have a negative impact on 
species and communities that depend on these 
dwindling resources. 
Therefore, the statistic that should draw the attention 
of the reader is the much smaller 962,734 acres of 
undisturbed habitat that is protected from conversion, 
representing only 4.3% of eastern South Dakota’s total 
land base. How well those acres are managed for the 
perpetuation of biodiversity remains as perhaps the 
biggest unknown for the future of native species in 
eastern South Dakota.
We believe our mapping methods will allow 
assessment of future land use change for previously 
undisturbed or native tracts that have occurred after 
2012 and that such results will allow conservation and 
management organizations to target evaluation and 
conservation specifically aimed at the protection of 
undisturbed habitats. 
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